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Commentary: 

Research and Practice in Industrial Relations 


Enoineers and doctors have long since accepted the most basic research 
efforts of the natural and biological scientists as highly practical Managers and 
leaders of human organizations, of companies and unions, still arc doubtful about 
the practical value of basic research m the field of human relations and 
organization Ihc psychological and social scientists cannot be sanguine about 
this matter for these men are the managers of essential ‘ laboratories ’ in which 
their research must be earned on and their hypotheses tested and corrected 

One of the major barriers to the confidence of practical men m the findings of 
psychological and social science, and indeed to the vahdity of the findin gs them¬ 
selves, is the fact that the data examined are sought in situations considerably 
removed from those ui which practical men must apply them This is no 
criticism of the rat maze, the analyst’s office, the dime, the fatigue laboratory, 
the islands of the Pacific, and other research situations used by students of 
behaviour. It is simply a recognition of the fact that scientific hypotheses are 
not adequately formulated until based on generalizations from the observation 
and analysis of the precise facts they seek to explain Derived from a study of 
other types of facts, they are suggestive of clues and of problems to be explored 
m research in the actual field of application As such they are extremely firuitful. 
They do not, however, provide definitive principles for practice in that fidd 
It is a long jump from the rat maze or the Hottentot society to the modem factory 
or urnon hall These field ‘ laboratories ’ m companies and unions are in charge 
of the managers and leaders of those organizations Hence a need for a partner¬ 
ship in research between these practical men on the one hand and the psychological 
and social scientists on the other, that each may understand the contnbution of 
the other to the realization of his objectives, and that through their joint efforts 
they may produce in the area of human relations and organization a scientific 
guide to practice similar to that in possession of the technical engineer and 
the doctor 

This commentary is an attempt to lay the ground work for such a partnership 
first by indicating the relevance of theory to the improvement of practice, 
secondly by suggesting a framework for study of human relations in industry 
which gives both practical and scientific promise 

It is normal m any fidd of activity to consider a man practical if he has a 
knowledge of techniques and the skill to put his knowledge to work. There is, 
however, another candidate for the title * practical man\ He is the one who 
knows not only what will work but why it works , the manager who knows the 
principles of human behaviour so that he can predict whether a technique of 
dealing with human beings, successful m London, will work m Bolton or Cardiff; 
the leader who can predict whether organizing methods successful among 
engineers in a privately owned textile null in Lancaster will work m a publicly 
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owned utility in Sheffield , the man, in other 
words, who knows enough about cause and 
effect laws in human relations so that he can 
develop sound long range strategy which keeps 
changing tactics * on the beam ’ 

Effective action can be guided by accurate 
and adequate theory I have long since ceased 
to be apologetic in urging the importance of 
theory to practical men They recognize the 
necessity for theory in their problems of 
technology, and they use theories of human 
behaviour in organizing and directing their 
employee and membership relations and their 
relations with each other Their thrones are 
summaries of their conclusions from personal 
expenence The question is not whether they 
will use theory, but whether the theory they do 
use is consistent with the facts and adequate to 
the tasks they face 

An analogy from the field of medicine is 
pertinent At one time medical practitioners 
proceeded on the theory that ill health was 
caused by devils in the body In industnal 
relations we are still operating at times on a 
similar theory Later, making use of a 
prominent aspect of the human organism, 
doctors operated on the theory that the cause 
of ill health is rooted in the maldistribution of 
blood In industnal relations this is similar to 
our still most prominent theory that industnal 
unrest is rooted in the maldistribution of income 

These medical theones did not make possible 
medical practice which could produce a satis¬ 
factory degree of individual or public health 
Lacking an adequate theory, what was done * 
Reliance had to be placed on the unusually 
expenenced, competent, sensitive, and wise 
individual who seemed intuitively to know the 
principles of goo 4 health Or it was placed on 
the successful users of traditional and folk 
remedies who knew what to do but not why 
they did it 

In industnal lelations we are doing the same 
thing Lacking an adequate theory of human 
relations on the basis of which to tram leader- 
ship, we must count on the chance that we will 
be able to find a * natural bam leader ’ who is 
unusually wise and sensitive and intuitively 
nght, or who has been a successful practitioner 
of folk remedies Such men have done a fine 


job But since their expenences are not clearly 
and systematically related to a theory of cause 
and effect m human relations, since they can 
tell us chiefly what to do and not why it is 
done, the secret of their success cannot 
be widely communicated and understood m 
situations in which important and crucial 
factors differ from those in which success has 
been achieved The elements of success cannot 
be analysed and generalized and be made the 
basis of training for men charged with the 
responsibilities of leadership, whether m industry 
or in unions 

Now I would not disparage the attention to 
tactics in industnal relations today any more 
than I would disparage the study of tactics 
among the medical practitioners of the 
18th century But I would like to point out 
that attention to tactics alone would never have 
resulted m the improvement in human health 
we enjoy in the 20th century Practitioners 
would have devoted their attention to the 
development of sharper and less pain producing 
needles, to the angle of incision, to the question 
of whether bleeding was most effective in the 
morning or the evening, under the influence of 
drugs, or not tic Progress in individual health 
and in public health programmes awaited the 
development of an adequate theory of anatomy 
and of * physical * relations 

I would suggest that theory is the most 
* practical 9 thing in the world, and that 
progress in human relations and organization 
will owe a great deal to research which sets an 
adequate theory as its goal To be specific, 
research designed to answer the question, 
c Why do men Behave as they do 7 9 is needed 
to supplement the wudom-of-expenence of 
practical men 

That view can be stated more specifically 
We need studies not only of personnel policies 
and practice, but of the nature of persons, 
not only of incentive systems, but of human 
incentives , not only of collective bargaining 
procedures, but of the factors that mould the 
attitude and actions of bargainers, not only of 
techniques for organizing enterprises or unions, 
but of the principles of effective association and 
group solidarity and teamwork Management 
and unions can jointly support such studies for 
they are designed to develop principles of 
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human behaviour equally relevant to the 
tactics of both 

Such research is not an alternative to the 
lessons of experience of practical managers and 
union leaders The function of all research in 
human relations is to collect and systematize 
experience There is a sense in which research 
is a process for broadening experience so that 
the individual may have a wider range of facts 
and principles against which to check his own 
lessons of experience But basic research goes 
beyond the collecting and systematizing of 
experience From its findings an attempt is 
made to derive hypotheses about cause and 
effect relations and to test and perfect these 
hypotheses by systematic observation and 
experiment 

Let me say immediately that I have no hope 
that the organization of human relations can 
be reduced to an applied science The variety 
of human needs and aspirations is so great, 
the circumstances surrounding the activity of 
any group so complex, that a science of human 
relations can be only an aid to vision, courage, 
common sense, artistry, faith, and other 
requirements for effective leadership , but it 
is an essential and indispensable aid in the 
exercise of those capabilities To put it bluntly, 
vision is no substitute for understanding, 
courage is no substitute for intelligence, 
common sense (which is a mirror of common 
experience) is no substitute for systematic 
knowledge, artistry is no substitute for prin¬ 
ciples of action , faith is no substitute for 
science 

A FRAMEWORK FOR STUDY 

If we are to make this partnership between 
the man of action and the scientist effective, 
we must have a framework for analysing 
problems of human relations which contributes 
to the purposes of both If, when they think 
about those problems, they are using the same 
framework, not only will their observations 
tiyi generalizations reinforce or correct each 
other, but they will be able to speak a common 
language I would like to suggest m very 
elementary farm a possible framework which 
could serve these ends 

The most important dung is that we agree 
oil the nature and structure of the dung we 


are studying When we study human relations 
in a company or umon what fundamental 
picture do we have in our minds of that 
company or union ? One of the things that 
has kept our many observations from adding 
up to a set of usable principles is that we don't 
all have the same basic picture To some a 
company is a production line, to others a big 
family, to others a crowd of difficult but 
promising individuals, to others a list of 
numbers on a payroll, to others a group of 
supervisors and employees To some a umon 
is a group of members, to others a revolutionary 
association, to others an insurance company, 
to others an army, to others a department of 
the enterprise etc Because we start off with 
different pictures our observations have a 
different focus, and on completion our reports 
do not fit together so that general principles 
can be formulated 

Now when we attempt to analyse the health 
of the human relations in a company or a 
umon what is going to be our picture of-the 
nature and structure of the thing we are 
studying ? That picture will determine what 
we look for, how we analyse and organize 
our findings, and whether we report our 
investigation in a way which is practical in 
helping to maintain or improve the health of 
those human relations Those of us at the 
Yale Labor and Management Center have 
come to a conclusion on that matter which 
guides our research It is a conclusion which 
grows out of not only our training in social and 
psychological science, but also our studies 
of companies and unions and our practical 
experience as consultants and arbitrators It 
is a conclusion we share with a number of our 
colleagues in other universities I think it will 
coincide with the experience of men of action 
It is very simple 

A company or a umon is a small society, it 
is a social organism As the body is a physical 
organism composed of cells which work together 
through the operation of certain organizational 
devices or systems, so the company or the umon 
is a social organism composed of individual 
people who work together through the operation 
of certain organizational devices or systems. 
What are those systems in this social organism 
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which bind the individuals together in a 
working team 9 

First is the organizational charter, the concept 
of the organization as a whole, its purposes, 
policies, significance, and reputation The 
organizational charter is reinforced by 
traditions, written statements and constitution, 
and the material and human symbols which 
make vivid and secure this concept of the 
organization as a whole m the minds of the 
members 

The second is the system of functional 
specifications Thu u the definition of the 
functional roles to be performed by the several 
members individually and collectively with 
particular reference to their functional relation* 
ships with other members of the group 

Third u the status system, which organizes 
the members into a hierarchy of authority and 
deference and defines the privileges and response 
bilities relevant to authority and deference 
which go with every position m that system 

Fourth is the communication system , by which 
the information required for effective working 
together u transmitted from one individual to 
another. 

Fifth u the reward and penalty system by which 
individuals are persuaded or compelled to 
act in ways considered advantageous to the 
organization 

There are other systems such as technology by 
which individuals are related to each other by 
reference to the tools with which and materials 
on which they work But these will do as 
illustrations 

Our banc conception of a company or union 
as a society or social organism, then, suggests a 
systematic outline of the aspects of that society 
of which the efficiency of operation will be the 
object of our study, whether we are trying to im¬ 
prove our practice or whether we are trying to 
understand the principles of human behaviour, 
which takes place among the individuals 
organized as members of this * society 

That sounds elementary, doesn't it 9 Well, 
starting points and fundamentals are always 
elementary But unless we have a common 
conception and understanding of fundamentals 
we will be hopelealy lost when we begin to 


rear a more complex structure of principles 
and practice on that foundation Imagine how 
much of a contribution a group of doctors 
would make to a developing science of physical 
relations, one of whom considered the body to 
be an organism, another a machine, another a 
gaseous compound, another the battle-ground 
for devils and angels 1 A common agreement 
on the essential nature and structure of a 
company or union is eaential for those who 
want their diagnoses and studies to add up, 
to be cumulative, to contribute to a developing 
science of human relations 

Our next difficulty m making our observations 
add up to something is that we have not 
developed a uniform set of tests or standards 
by which we can appraise whether that society 
and its organizational devices are operating 
well or poorly, whether they are healthy or 
unhealthy 

Where will we get our tests for the 
organizational charter, the functional speci¬ 
fications, the status, communication, and 
reward and penalty systems 9 I have one 
suggestion for a set of tests which I think will 
not only prove of practical utility for men of 
action, but which are essential for the purpose 
of building a science of human relations In 
general these tests pose the question, 'Do 
these organizational devices or systems help or 
hinder people to realize their goals, to achieve 
their standards of successful living 9 ' 

The ieason for this type of test is clear The 
participants in a company or union are trying 
to live out a satisfying and successful life in the 
midst of that society They have certain goals 
or standards of satisfactory or successful living, 
many or most of which they share with the rest 
of the members, by which they measure their 
degree of achievement From the point of view 
of the members of an organization, that 
organization is healthy if it helps them to 
achieve those goals, and it is unhealthy if it 
frustrates them But do not think for a minute 
that such tests are of personal interest merely 
to individuals They are equally tests of the 
productive capacity of a company or the 
strength of a union. 

So, as a second step I suggest that we set up t 
a set of tests for them which will make us aware 
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to what degree each of the systems satisfies the 
major goals people have 

To the system of functional specifications we 
put a senes of questions to test whether or not 
it helps the participants to achieve their goals 
of respect, creature comforts, control, under¬ 
standing, capacity performance, integrity, 
secunty, progress and justice* These are the 
major goals that we have found present m our 
investigations of worker, management and union 
leader groups in England and the United States 
since 1932 We make no claim that they are 
complete or universal, or that they will not be 
substantially modified by additional research 
To the status system we put questions serving 
the same purpose, then to the communication 
and reward systems, the organizational charter, 
technology etc 

Now with that conception of our problem 
and that systematic framework for study we 
are ready to begin I will not go into the 
problems of sampling and interview methods 
Those are research techniques But suppose 
we have gone ahead and completed our 
investigation and gathered our material and 
have it summarized Where do we stand 


At this point we have a pretty good picture 
of the actual structure of human relations in 
the organization, and of the reaction of the 
participants to it Moreover, that structure 
being what it is, we can suggest why the 
reactions were favourable or unfavourable in 
terms of what goals were brought within reach 
or were out of reach , 

I just want to observe that, to this point, any 
manager or leader who wishes to make practical 
use of such findings will find that possible He 
can conclude, ‘ My production and turnover 
figures in Department A indicate that team¬ 
work u at a low ebb This analysis suggests 
that the trouble focuses in the status and 
communication systems It also shows up in 
some detail why those systems axe unsatisfactory 
from the point of view of the members of that 
department My problem is to see what I can 
do about modifying those organizational bonds 


* An ckplanadon of thdr content win be band on Mgn isrfT of 
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so that those inadequacies will be removed 
The union leader facing poor teamwork m a 
local would be able to chart his course m the 
same way 

In other words, from the point of view of the 
participating company or union there is no ivy 
growing on the results of such an investigation. 
It is a diagnosis which can be made the basis 
for immediate decision and action 

Equally important, however, is that the 
scientist has at his disposal data from which 
he can derive hypotheses concerning the 
relations between how men are observed to 
act and the circumstances and motives from 
which that action springs His work has just 
begun He has before him materials from 
actual laboratories from which, by careful 
analysis, to derive principles of human behaviour 
and organization which can be tested in those 
same laboratories 

The work of the social scientist has just 
begun He must now go to work on this 
material, compare observed results in one 
department with those m another He must 
explain obseived differences in terms of the 
causes suggested by the data He draws up 
preliminary generalizations about cause and 
effect He studies the relation between what 
men were observed to do and what goals they 
had, and the way their social environment in 
the company or the union affected their 
achievement of those goals And all the time 
he keeps asking, 4 Why did those people 
behave that way ? 9 He sharpens his terms, 
he fills them with vivid content from actual 
life He corrects his basic conception of the 
structure and dynamics of human relations. 
He casts a critical eye on his methods Then 
he is ready to tackle the next investigation, 
take his generalizations and principles into the 
next company or union laboratory and put 
them to a further test So the process of 
building a science goes on 

In this manner the man of action and the 
social scientist can go on together, partners m 
the development of immediate guides for 
improvement of teamwork in organizations and 
in the slower but equally important process of 
developing a science of human relations 

E. Wight Basks 
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X-Ray Structure Analysis of Complex 
Organic Compounds 

J D DUNITZ, PhD 
California Institute of Technology, USA 


The analysis of the diffraction patterns prbduced 
when crystals are exposed to x-rays has led, in the 
last two decades, to a considerable increase in our 
knowledge of the structures of organic molecules 
Previous knowledge, based on logical inference from 
the empirical data of the organic chemist, from 
chemical analysis and from chemical synthesis was 
essentially non-quantitative in character , the new 
method, physical rather than chemical in its attack, 
has not only confirmed and extended this knowledge 
but has also yielded precise metrical information 
concerning molecular dimensions The present 
article will deal with some recent developments in 
the application of x-ray analysis to complex organic 
compounds , in order to do this, it will first be 
necessary to review the general background of 
x-ray crystallography 

The study of molecular architecture by means of 
X-ray diffraction became possible in 191 a, when 
M von Laue first suggested that the regularly 
spaced arrays of atoms which constitute crystals 
might act as a three dimensional diffraction grating 
for x-rays This suggestion was acted upon and 
con filmed by W Friedrich and P Kn ip ping, and 
in the following year W H and W L Braco were 
already able to determine th< structures of some 
simple crystals, sodium chloride, potassium rhiondr, 
and diamond Symmetry considerations played a 
large part in early structure analysis and x-ray 
studies were at first confined almost entirely to 
inorganic compounds, the crystals of which often 
possess high symmetry 1 his work was of immense 
significance since it made possible the systemati¬ 
zation of a vast part of inorganic chemistry , the 
molecules of organic chemistry, which generally 
possess little or no symmetry, remained for some 
tunc almost immune from attack 

THEORETICAL BACKGROUND 

The object of the x-ray analysis of a crystal is to 
determine, as accurately as possible, the positions of 
the atoms within the unit cell, that unit, which by 
translational repetition in three dimensions, builds 
up the crystal The observations which are available 
for this purpose consist of the directions and in¬ 
tensities of the set of diffracted beams produced 


when the crystal is exposed to x-rays For a given 
wavelength of x-rays, diffraction occurs in certain 
definite directions which depend only on the dimen¬ 
sions of the unit cell, the intensities depend, however, 
not only on the angle of scattering, but also on the 
nature and distribution of the scattering matter 
within the unit cell Just as each diffracted beam 
from a one dimensional grating may be designated 
by a single integer a, describing its order of diffraction, 
the diffracted beams from a three dimensional 
grating are designated by a number triple (hkl) 
Each diffracted hkl beam (or hkl reflection, since it 
can alternatively be regarded as being due to 
reflection of the x-rays from the crystal plane with 
Miller indices hkl) has associated with it a quantity 
F(hkl) which describe* both the amplitude and phase 
of the scattered wave This quantity is thi resultant 
of the wavelets scattered by the individual atoms in 
the unit cell, combined vectonally, and it may be 
represented by the exponential function 

F(hkl) = 2 /, exp 2 ti(Ax, + ky, + U,) 

I 

where /, represents the scattering power of the cth 
atom and x l 9 y %9 c, arc the coordinates of the ith atom 
expressed as fractions of the unit cell edges a, b 9 c 
and the summation is taken over all the atoms in 
the unit cell Now the observed amplitudes 
| F(hkl) | can easily be obtained—they are pro¬ 
portional to the square roots of the intensities after 
appropriate corrections, and the amplitudes which 
would correspond to any given arrangement of 
atoms can be calculated The parameters x tt y t9 Zt 
can be adjusted until the calculated values of 
| F(hkl) | agree well with the obseiVed values, and 
the best set of parameters obtained may be regarded 
as giving a fairly accurate description of the struc¬ 
ture For inorganic structures where some, most, or 
sometimes all, of the atoms may be placed by 
symmetry, only a small number of parameters may 
be left to be determined m this way and the problem 
becomes feasible , but for the majority of organic 
crystals, so many parameters have to be adjusted 
simultaneously that the method becomes impracti¬ 
cable W H Bragg, as early as 1915, suggested 
the use of Founer senes in cryital structure analysis 
and it is surprising that it was not until ten yean 
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later that the method wu actually employed Thu 
method of analysu has proved to be the most fruitful 
but within the last few years other approaches to the 
problem have been made In 1941 E W Hughes 1 
adopted the procedure of regarding the quantity 

as a function of the parameters and minimizing it by 
the method of least squares, and more recently 
A D Booth 1 has suggested the use of steepest 
descents for minimizing analogous quantities For 
these minimization methods to converge to the 
correct structure it u necessary to have, as a starting 
point, an approximately correct structure These 
techniques do not appear to have been employed 
widely, perhaps owing to the somewhat earlier 
development of the Fourier method of analysis 

The electron density distribution throughout the 
crystal u a periodic function and it may be expre ssed 
as a triple Courier series 

P(xyz) « | F(hkl) | cm[ 2 n(ht+ky+lz) - a(hkl)] 

where V u the volume of the unit cell The quantities 
| F(hkl) | and a(hkl) are, respectively, the amplitudes 
and phases of the diffracted beams The amplitudes 
can be obtained experimentally as has been mentioned 
above but, unfortunately, no experimental method 
u available for the determination of the phases 
The phases must be found by some indirect process, 
so that one cannot proceed in a stiaightlorward 
manner from the observations directly to the con¬ 
clusions The problem of determining the phases 
n f in fact, the crucial problem of way structure 
analysis, and one which can only be solved relatively 
infrequently 

If an approximate structure, giving reasonably 
good agreement between the observed and calculaU d 
values of | F{hkl) |, can be derived in some way or 
other, it is possible to refine this by the Fourier senes 
method A senes is summed, using the observed 
values of | F{hkl) | and the calculated values of a (hkl) 
Since the calculated amplitudes are approximately 
correct it may be assumed that the calculated phases 
are not very flu- from the true values In the resultant 
electron density map, the centres of the peaks of 
electron density are associated with the positions of 
the atoms in the cell, and may be measured These 
new parameters can be regarded as more accurate 
than the original ones since they depend, to some 
ext e n t, on the observational data, and the values of 
| | calculated from these will agree more closely 

with the observed values If high accuracy is 
desired, the new structure can be regarded merely as 
a better approximation and the procedure outlined 
above caq be repeated until the phases no longer 


change with each successive Fourier senes It must 
be pointed out that the computation of even one 
three dimensional Founer senes, containing perhaps 
1,000 terms, entails a prodigious amount of labour 
It has often been considered as more convenient to 
make use of two dimensional Founer senes which 
contain far fewer terms, and which give the electron 
density projected down a particular direction m the 
crystal One other simplification is of considerable 
importance , in general the phase to be associated 
with any reflection may have any value from o° to 
3bo y , but if a centre of symmetry is present in the 
crystal and is taken as the origin of coordinates, the 
phases are limited to the values o° or 180°, so that 
our ignorance of the phase is replaced simply by our 
ignorance of the sign (1 or —) of the reflection 

The problem of determining the phases ran be 
solved, then, if some approximately correct structure 
is available, and wc must now consider some methods 
of deriving such a structure It must be stressed 
that for the majority of crystals this cannot be done 
by pn sent methods , there is no hard and fast 
procedure and every investigator in the field has 
his own method of attacking a crystal structure 

TRIAL STRUCTURE 

Trial and error methods of approaching the correct 
structure have been used to a considerable extent 
A molecular model is derived on the basis of chemical 
knowlc dge, past experience of similar structures, the 
optical and magnetic properties of the crystal He 
Some position and orientation of such a molecule 
in the unit cell is assumed and the values of F{hkl) 
corresponding to such a structure are calculated 
If the amplitudes aie approximately the same as 
those observed, the structure may be regarded as 
roughly correct and a closer approximation to the 
correct structure may be achieved by carrying out 
fcouncr syntheses, or by the minimization methods 
mentioned earlier 

DIRECT ME TIIODb 

This method of tnal and error is essentially intuitive 
in its approach to the structure and a more direct 
approach may be provided by the calculation of the 
Patterson function Hie Founer senes 

P(uvw) SEE I F(hkl) I * cos2n(Aif + kv -f Iw) 

* * 1 

into which the unknown phases do not enter, gives 
the electron density at (* + “1 y + v * * + »)> 
averaged over all points (xjz) The function P(ma) 
can have a high value only if the electron density 
both at some point xyt and at (x + a, y 4- v, z + w) 
n large Hie information provided is thus not about 
the distribution of the atoms themselves but rather 
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Figure t Corresponding to the hexagonal array 
qfpowts show* 0* the Ifft, tht Patterson vector 
diagram u show* on tht right Tht large peak 
mt tht orxgm represents tht fact that every atom u 
at zero JuUmcs from 1 tstff, tht othtr fmks art 
drawn tn two sizes, according as to whether one 
or two interatomic vectors termmate there 


about the distribution of interatomic vectors {Figure /) 
The Patterson function represents the maximum 
amount of information which can be obtained 
directly from the observations but there is one 
serious drawback to its general utility The function 
can be interpreted in terms of the interatomic vectors 
only if the peaks which correspond to these vectors 
are individually resolved It u not necessary that 
all the peaks should be resolved but unless a con¬ 
siderable number can be identified the interpretation 
is impossible But for n atoms in the unit cell there 
are n{n — 1) interatomic vectors , the volume of 
the cell is approximately proportional to a so that 
as vi increases the density of interatomic peaks 
increases proportionately and it becomes more and 
more difficult to resolve the individual peaks Because 
of this it u not in general possible to interpret the 
Patterson function of a crystal which contains more 
than about 30 atoms m the unit cell Modification 
functions to sharpen the Patterson peaks have been 
proposed and, with their use, it might be possible 
to double this number The three dimensional 
Patterson function seems to have been calculated for 
only a very few crystals, and to have been successfully 
interpreted for only one*, the ammoacid /-threonine 
CH,CH(OH)CH(NH,)COOH This crystal con¬ 
tains four molecules in the unit cell, which thus 
contains 3a atoms (excluding hydrogen atoms which 
have only a very small effect on the x-ray scattering) 
and although a sharpened Patterson function was 
calculated the interpretation, although finally 
achieved, was found to be difficult owing to poor 
resolution of the peaks Some protein molecules 
appear to display considerable internal order, and in 
these a large number of mteratomic vectors may be 
almost identical The peaks which appear in the 
Patterson function may be the resultant of several 
thousa n d closely similar mteratomic vectors and 
although these vectors cannot be individually 


identified the broad features of the structure may 
be deduced Thu has been done for haemoglobin, 
and the reader u ref er red to the detailed account in 
an earlier article in thu journal 11 Patterson functions 
projected down one of the crystal axes have been 
calculated for many crystals, but they are subject to 
even more severe limitations and can be considered 
as useful aids to the analysis only in very special 
circumstances 

The above discussion refers to a crystal in which 
all the atoms are of about the same scattering weight 
If one or two atoms of outstandingly great atomic 
number are present the vectors between these stand 
out very clearly and the position* of such atoms can 
thus be fixed with great ease This u of the utmost 
importance since, if the positions of the heavy atoms 
are known, the contributions of these atoms to the 
total scattering can be calculated The scattering 
power of an atom is approximately proportional to 
its atomic number, and the scattering due to the 
heavy atom is in phase, while that due to the light 
atoms present u out of phase, so that the contribution 
of the heavy atom effectively determines the 
magnitude and phase oi F(hkl) A Founer senes 
m which the coefficients are the observed values 
of | F(hkl) | and the phases are those given by the 
heavy atom alone can be calculated and the resultant 
electron density map will show not only the sharp 
peak corresponding to the heavy atom but also 
diffuse regions of positive electron density which may 
be iMOc later! with the remainder of the molecule 
Approximate positions for the other atoms may be 
obtained and the structure refined as described 
previously In this way it is possible to determine 
the structure of a molecule with a minimum of 
chemical assumptions 

Closely associated with the heavy atom method is 
the method of oomorphous replacement If, m the 
molecule, one atom A can be removed or replaced 
by a second atom B, of different atomic number, 
without an appreciable change in the crystal structure, 
the differences m the intensities of the reflections are 
due entirely to the different contributions of A and B 
to the total scattering If the position of the replaced 
atom can be found, the magnitude and phase of this 
difference can be calculated and may serve to fix the 
signs or limit the phases of the F(hkl ) 9 s 

To complete this survey of the methods of x-ray 
structure analysis mention roust be made of a recent 
attempt by D Harxrr and J S Kasper 4 to obtain 
the pluses of the x-ray reflections directly from the 
observed data It was shown that the application of 
certain inequality relationships to the formulae for 
calculating F(hkl) v leads to the establishment of 
inequalities between some of the F(hkl)'» These are 
m the form of relationships between the magnitudes 
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of »ome of the F(hkl)*i and the signs or of 

others, if the magnitudes are known, limitations 
may be imposed on the signs and phases This 
method has already hem applied to the determination 
of the structure of oxalic acid dihydrate directly from 
the observed data* but it has been shown by E W 
Hughes* that the method becomes less and less 
powerful as the number of atoms in the cell increases, 
and that it will fail completely when applied to 
complex molecules 

EARLY STRUCTURE ANALYSES 

The description of the structure of a molecule can 
be considered as falling into two parts first, the 
description of the topological configuration and 
secondly, the description of the dimensions For the 
most part, x-ray cryitallographers have limited 
themselves to determining, as accurately as possible, 
the dimensions of fairly well known molecules, 
accepting as a starting point, and subsequently 
confirming in the course of the analysis, the con¬ 
figuration as determined by classical chemical 
methods This limitation was imposed largely by 
the indirect nature of the methods at their disposal, 
trial and error followed by Founer senes refinement 
and the impossibility, generally, of a more direct 
analysis 

An enormous amount of information on interatomic 
distances and valency angles has been collected and, 
although the precision of these measurements has 
often been overestimated, most of it can be regarded 
as accurate to within a few hundredths of an Angstrom 
unit and one or two degrees Incidental to this, much 
of the detailed stereochemistry of molecular structures 
has been derived for the first time The tetrahedral 
carbon atom, postulated by J H van’t Hoff and 
J A li Bel to account for the observed farts of 
optical activity, had proved so successful that many 
chemists considered that the tetrahedral configuration 
was maintained in all organic compounds In 1929, 
however, K Lonsdale showed that the molecule of 
hexamethylbensene was planar to within the limit 
of error of her experiments, and shortly afterwards 
J M Robertson demonstrated the planarity of a 
whole senes of aromatic hydrocarbons, naphthalene, 
anthracene, durene, benzoquinone and others It 
was farther shown that a system of two single bonds 
and a double bond about a carbon atom was planar, 
and that a single bond-triple bond system was 
colhnear Thu type of information, together with a 
knowledge of the interatomic dutances involved, has 
been of great significance m the development of 
modem theories of the chemical bond* 

With the more powerful methods of analyiu 
available today, it u pomble to determine the 


configuration of quite complex molecules Thu was 
indeed possible to an even more limited extent in the 
earlier days of x-ray crystallography For example, 
the configuration of hexamethylenetetramine was 
established by x-ray methods as early as 1923, but 
thu was possible only because the crystals, as well 
as the molecules themselves, possess a high degree of 
symmetry Again, information about the approxi¬ 
mate shape and dimensions of molecules was some¬ 
times deduced from incomplete x-ray analyses 
comprising the determination of the unit cell size 
and space group, together with the optical properties 
of the crystals The then accepted structure for the 
sterol skeleton was found by J D Bernal to be 
incompatible with such x-ray measurements and hu 
investigations were of considerable value in arriving 
at the correct structure E G Cox contributed 
similarly to the determination of the structures erf 1 
the sugars and was able to establish the structure 
of ascorbic and (vitamin c) by x-ray analysu 

The most striking contributions of x-ray analysu 
to our knowledge of the configurations of complex 
molecules depend, however, on the development 
of the method of isomorphous replacement and of 
the heavy atom technique The simultaneous 
investigation of phthalocyamne and of its nickel 
salt by J M Robertson in 1936 led to the structure 
determination of thu very complicated molecule by 
x-ray methods alone, without the necevity of making 
any previous chemical assumptions about its structure 
Ihu was soon followed by the analysu of platinum 
phthalocyamne where the heavy platinum atom, 
situated at a centre of symmetry in the crystal, 
completely determined the sign of every reflection 
Since thu work, the use of these methods has increased 
year by year and has already led to some significant 
increases in our knowledge of the detailed molecular 
structures of many types of molecules 

RECENT STRUCTURE DETERMINATIONS 

Continuing the earlier work on sterols, G H 
Carlisle and D C&owfoot succeeded in determining 
the structure of cholesteryl iodide 1 , their results id 
the main confirmed the previous views concerning 
its structure, but they were able to provide definite 
evidence on some doubtful stereochemical points 
The analysu of a calciferol derivative, the 4riodo- 
5-mtrobenzoate by D Crowfoot and J D Dunitz* 
has cleared up one nuyor point of difference between 
the previous chemical and crystallographical evidence 
on the structure of this compound Id the usually 
accepted chemical structure for calciferol (vitamin d) 
nog A u joined by a short chain to ring C While 
the formula is ususdly written m the manner shown 
in / to show its similarity to the other sterols, it 
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seemed highly probable that 
such a molecule would adopt 
the Configuration shown in // 
The shape of this molecule 
would therefore be expected to 
differ considerably from that 
of the normal sterols, but the 
previous crystallographic evi¬ 
dence showed that the unit cells 
of calciferol and its derivatives 
did not differ radically from 
those of other sterols Thu 
was interpreted as evidence 
that calciferol could not have 
the extended structure shown 
in 11 Moreover, the fact that 
calciferol could be obtained 
so easily from ergaeterol and 
could be converted so easily 



into pyrocalcifcrol, both normal sterols, suggested 
that calciferol itself coukl not differ greatly from 
these molecules The crystal structure analysis of 



the lodomtrobenzoate derivative demonstrates con¬ 
clusively that the molecule does indeed have the 
extended configuration, at least in thn compound, 
as shown in the projection (Ftgur$ a) The relation¬ 
ship of the molecules to the crystal axes is, however, 
very complicated and shows that it may be dangerous 
to draw conclusions concerning shapes and dimensions 
of molecules from the unit cell dimensions alone 

The early work on the structures of sugars has 
culminated m the complete structure analysis of 
the sucrose molecule 1 * The attempt to analyse 
sucrose itself by the Patterson method proved to be 
unsuccessful, but C A Buvku and W Cochrane 
were able to apply the isomorphous replacement 
method to the molecular compounds which 
sucrose fbrzns with sodium chloride bromide 
(GitHflflOn NaBr 2H,0} to show that sucrose was 
(fglucopyrantsido </-fructofuranoside, confirming the 


chemical evidence The pyranooe ring is of the 
expected Sachse trons form and the fiuranose ring 
was shown to be non-planar, one atom being out 
of the plane of the other four 


PENICILLIN 


The successful analysis of the structure of penicillin 
is perhaps the outstanding accomplishment of the 
method of x-ray crystallography up to date This 
work has already been reviewed in this journal 11 , 
and it will only be mentioned here that the final 
results for sodium and potassium benzylpcmcillin 
show conclusively that the molecule is one of the 
stereochemical forms of the /Mactam structure 
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MOLECULAR COMPOUNDS 

Molecular compounds constitute a field where the 
characteristic methods of classical chemistry are 
largely inoperative owing to the fact that most of 
these compounds exist only m the solid state Both 
H M Powell and D H Saunder 1 * and their 
collaborators have studied the complexes between 
poly-nitro compounds and other aromatic hydro¬ 
carbons and have shown that no chemical binding, 
in the usual sense, exists between the components 
In the complex tnnitrobenxene^p-iodoaniline, each 
type of molecule occupies a separate layer m the 
crystal, the distance between the layers corresponding 
not to chemical bonds but merely to van der Waals 
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interactions An interesting new aspect of molecular 
compound formation has been discovered recently 
by H M Powell and D £ Palin m what are 
called dathrate compounds They have thown that 
in certain complexes formed by qutnol With other 
molecules, the qumol molecules are linked by 
hydrogen bridges to form two interpenetrating three 
dimensional cage structures extending throughout 
the crystal Two giant molecules are thus formed 
These are not directly linked with each other, but 
nevertheless they cannot be separated without the 
severance of their own structure I he framework 
formed is fairly open in character and it contains 
comparatively large cavities, which may be occupied 
by the second Component of the molecular compound 
which h thus not chemically bound to the qumol 
molecules but is merely trapped in the cages foimed 
by them The second component must therefore be 
small enough to fit into the cages and the complexes 
have been obtained only with small molecules, such 
as sulphur dioxide, carbon dioxide, and methyl 
cyanide A crystalline modification of qumol itself 
containing empty cages has also been isolated For 
further details of these fascinating complexes, the 
reader should consult H M Powell’s own review 11 

PROTEINS 

The present x-ray studies on the macromolecules, 
such as the proteins which play so large a part in 
the organization of living matter, arc, as yet, only 
at an embryonic stage Interesting speculations have 
been made by W T Astbury, based on the limited 
data available from protein fibres, but these structures 
are so complex, and the data available so scanty, that 
we arc far from an understanding of their nature 
At the other end of the scale, the molecular structure 
group of the California Institute of Technology have 
made intensive studies of the units of which proteins 
are formed, the aimnoacids and peptides 14 , with a 
view to obtaining some knowledge of the principles 
which govern the building up of these units to form 
macromolecules At an intermediate stage, some 
X-ray studies have been earned out on certain 
crystalline proteins Perhaps the most interesting of 
these is the work of M F Perutz 11 and his co- 
workers on haemoglobin This protein has a molecular 
weight of about 70,000 and contains therefore about 
3,000 atoms (excluding hydrogen) The molecule 
possesses, however, a twofold axis of symmetry, 10 
that the placing of 9,300 atoms would, in fact, define 
the structure The intensities of about 7,000 reflections 
have been recorded in the course of the analysis but 
these, even if their phases could be determined, do 
not constitute sufficient information to give a complete 
solution of the problem, in the sense of resolving the 
individual atoms in a three dimensional Fourier 


synthesis For atoms to be resolved thus, the spacing 
lunit of the recorded reflections must be about 1 9 A, 
while in haemoglobin the limit is about 9 5 A This 
difficulty is important when dealing with such 
complex structures and mmkr* an accurate structure 
determination, such as can be obtained for simpler 
compounds, impossible 1 he position of the molecule 
as a whole may vary considerably within the unit 
cell and the disorder introduced causes the reflections 
to fade out completely gt a certain spacing limit 
M F Perutz has been able to deduce that the 
haemoglobin molecule has the approximate shape 
of a cylinder, of radius 98 5 A and of height 36 A , 
that the polypeptide chains appear to be arranged 
in 4 layers and to be parallel to onr another, except 
where they bend back on themselves , he has also 
been able to draw interesting conclusions concerning 
the distribution of liquid of crystallization (which 
seems necessary for the specific orientation of macro- 
moleculei) in the crystals, and the orientation of the 
harm groups Thr complete structure analysis of a 
molecule as large as haemoglobin seems, however, 
only a remote possibility at thr present stage 

SUMMARY 

The methods which are at present available to the 
x-ray structure analyst are quite adequate to solve, 
or at least to aid in the solution of, many of the 
problems of organic chemistry Much of the present 
day theoretical 1 hemistry rats on the results of x-ray 
analysis, and valuable contributions have been made 
by the method to structural organic chemistry, 
particularly in the sugar and sterol fields # the 
present structure for penicillin is due mainly to the 
x-ray evidence Application of the method to other 
structural organic problems, such as the alkaloids, 
strychnine and colchicine particularly should 
produce important results The heavy atom method 
has proved to be the most powerful tool m solving 
complex problems of this type and so far it has never 
been pushed to its limit If suitable crystals can be 
prepared it seems quite within the bounds of 
probability that careful comprehensive studies on 
heavy-atom derivatives of at least the smaller 
proteins, such as the protamines, should lead to 
direct and fairly complete determinations of their 
structures, although the scale of such a problem 
would be of a vastly different order of magnitude to 
those structures which have been solved up till now 

This paper constitutes Contribution No ss86 from 
the Gates and Creltui laboratories qf Chemistry 
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Cocoa, which is mainly consumed in the form of 
chocolate, may not rank as one of the world’s major 
foodstuffs, but it is an important commodity and 
could be more so As a popular flavouring and 
sweetmeat it makes a useful contribution to diet by 
increasing the palatabihty of other foods, and unlike 
most substances used primarily for flavouring it is 
also of high nutrient value, the dned cocoa ‘ bean ’ 
containing about 50 per cent of fat as well as con¬ 
siderable quantities of carbohydrates and proteins 
There is no doubt that if cocoa were plentiful much 
more of it could be used As it is, consumption 
is nearly 700,000 tons (tonnes) a year and the 
immediate problem is to maintain supplies at that 
le\el They are, on the most optimistic view, only 
precariously in balance with demand, and acute 
shortage might easily develop Analysis of the reasons 
may serve to show how research can help to realize 
the wider potentialities of the crop 

REASONS FOR PRESENT POSH ION 
The most obvious cause of shortage is the spread of 
plant diseases Particular attention has been drawn 
recently to the ravages of swollen shoot on the Gold 
Coast, and this is the most serious menace because 
We&t Africa is the biggest producing region Though 
las alarm was created outside the countries affected, 
the appearance of witches' broom in the American 
tropica some 30 yean ago was quickly followed by a 
decline in production, first in Ecuador and later m 
Tnmdad, to a quarter of what it had been previously 
The effect has been not only to reduce yields but also 
to discourage increase m the acreage under cocoa 


There u thus good reason to put diseases high on 
the list of causes of scarcity 

Diseases, however, often take the whole blame for 
disasters m which they are not the only agents, 
though they may be the most spectacular Most of 
them can be controlled—at a cost and there are in 
the tropics research services able to diagnose causes 
and suggest remedies—though not necessarily easy 
ones The spread of witches* broom in tropical 
America led to spectacular disaster chiefly because 
most of the growers had neither the heart nor the 
resources to apply the control measures recommended 
at an early stage Cocoa fetched heartbreaking prices 
m the middle years between the wart, and the West 
Indian grower lost faith in the future of the crop 

In the present campaign against swollen shoot the 
question of financial resources is much lea prominent 
and there are totally different reasons for lack of 
wholehearted cooperation by the growers Yet many 
of the difficulties in effecting control of the newer 
disease are similar to those encountered earlier in 
attempts to check the spread of witches’broom They 
are difficulties inherent m the conditions under which 
cocoa is grown , and those conditions, created partly 
by economic causes and partly by lack of scientific 
knowledge, are the lea obvious but fundamental 
reasons for the state of the industry 

Economic Circumstances have favoured extensive 
planting of co coa as a angle crop rather than in¬ 
tensive culture within balanced systems of agriculture 
Available labou? can usually give little attention to 
the trees beyond harvesting, and though this system 
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keeps costs low in the absence of disease, it reoden 
most of the recognized methods of control almost 
impossible 

Lack of scientific knowledge tends to be obscured 
by the gap between available information and average 
practice, but it is an important factor in the situation 
In the fint place, the cocoa tree as generally grown 
10 a relatively inefficient producer for want of 
scientific breeding and consequently incapable of 
responding profitably to really intensive .cultivation 
Hus fact is as fundamental as any, and geneUcal 
studies leading to improved planting material are 
the necessary foundation of increased production 
Beyond that, even the mediocre possible performance 
of available material is reduced by ignorance of its 
physiology and of the measures necessary to maintain 
•oil fertility under the conditions imposed by plan¬ 
tation agriculture It u significant that in all the 
older cocoa growing countries, including those with 
the highest standards of management, declining 
yields were noticed before the advent of major diseases 

CONDITIONS OF CULTIVATION 

Cocoa in its natural habitat is a small tree in one of 
the lower tiers of vegetation in tropical ram forest, 
where it grows in shade and high humidity with 
complete protection from wind and indeed from all 
air movement but the gentlest These are not 
necessarily ideal conditions for a commercial plan¬ 
tation, but they provide some guide to the require¬ 
ments of the species, and it has always been the 
general aim of planters to re-create an environment 
resembling the forest to some extent 

The most important characteristic of forest con¬ 
ditions would appear to be their relative equability, 
particularly in water relations Cocoa trees will 
survive a moderately severe dry season if suitably 
protected so that their loss of water by transpiration 
is held fairly steady but they arc highly intolerant 
of violent fluctuations ui water balance, such as 
occur on exposed sites where sun and wind may cause 
excessive transpiration even when the soil is moist 
Both shade and lateral protection help to damp out 
fluctuations, and of the two the lateral protection is 
perhaps the more important 

Experience in cultivation has shown that shade is 
not essential for bearing cocoa trees, but in most 
climates it is beneficial and is commonly provided 
either by the planting of special shade trees or by 
leaving suitable wild trees standing when forest is 
cleared for planting Experience has also shown, 
however, that too danse a shade will reduce cropping 

Protection from wind is achieved partly by selection 
of site but much more often by mas s in g the trees 
Distance of planting vanes in different countries 
from 4 ft up to ao ft (1 a-6 1 apart and even at 


the widest spaemgs the fully grown trees interlace to 
form a continuous canopy of foliage Where wide 
distances are adopted shade trees are always planted, 
and, convenely, where no shade is provided a close 
spacing is always used and the canopy closes in more 
quickly Gaps m the canopy, however caused, 
usually lead to trouble, and the isolated unshaded 
tree will flourish only under special conditions of 
lateral protection 

Though able to withstand several weeks of dry 
weather at a time, cocoa trees need a good supply 
of water to the roots for the greater part of the year, 
and are therefore grown on rainfalls rarely lower 
than 50 in, often between 60 and Bo in, and sometimes 
well over 100 in a year (respectively, 1,270, 1,524, 
2,032 and 2,540 mm) At all these levels, and 
especially at the higher rainfalls, there is inevitably 
excessive moisture at some seasons 

Hence, one of the basic problems of cocoa growing 
is to strike a balance between too dense a canopy, 
encouraging fungal diseases in the wet season arid 
reducing yield by excessive shade, and too much 
exposure, leading often to insect attack and always 
to die-back and general debility in dry weather To 
achieve the best results drainage, windbreaks, 
planting distance and the provision or non-provision 
of shade have all to be integrated, and continual 
adjustments by pruning, thinning or supplying gaps 
are necessary 

It must be added that cocoa is one of the more 
exacting species in its demands on the soil, and 
though plantings on inferior soils may often show 
promise in the early years, yields are only maintained 
on good soils properly treated As the crop is 
commonly grown without any manuring at all, it is 
scarcely surprising that all but the best soils show 
declining yields after a time 

For all these reasons cocoa is by no means an easy 
crop to grow, even in the absence of m^jor diseases 
The huge production built up m West Africa by 
native farmers with no previous knowlege of the tree 
was due to many factors favourable to the rapid 
expansion of the industry in the early yean of this 
century difficulties began to appear before pro¬ 
duction reached its peak and disease has accentuated 
them, but did not create them 

1 

POSSIBILITIES OF INCREASING FRODUOTION 

It a dear that no increased production is to be 
expected from existing cocoa areas without control 
of the major diseases, for in districts where either 
swollen shoot or witches' broom is rampant additional 
planting without pnor control would be ftitile 

As a measure of insurance for the near future, new 
planting is being encouraged in countries where the 
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nugor disease* do not occur, with precautions 
against their introducUon rhe new area* will in 
any event be useful, but on account of the special 
requirements of the tree it is doubtful whether 
enough of them could ever be found to meet world 
requirements if the diseased areas of West Africa and 
and tropical America went entirely out of production 
Unflagging efforts to control disease in the older areas 
therefore remain essential 

Once control is achieved, emphasis will shift to 
other aspects of productivity The average crop over 
the whole of the producing areas at present is probably 
leu than 500 lb per acre (^60 kg/hectare) per annum, 
a level at which cocoa must be a semi-luxury product 
Full application of past research could double the 
average yield a reasonable aim for further research 
would be to quadruple it 

There is no essential difference in aim between 
investigations connected with immediate disease 
control and the more fundamental work needed to 
put cocoa production on a better foundation The 
ultimate answer to pathological problems will not he 
entirely in palliative measures against fungal parasites 
and insect pests It will be found partly m new strains 
of cocoa with more inherent resistance to attack and 
sufficiently productive to respond to intensive culture, 
and partly in new cultural methods based on physio¬ 
logical knowledge 

CONTROL OF DISEASES 

The major diseases have received much study already, 
and enough is known about them to indicate the 
most promising methods of control, so that present 
research is concerned largely with overcoming 
technical difficulties in application 

Swollen shoot is a virus disease, about which a 
highly creditable amount of information has been 
collected by the workers at the West African Cocoa 
Research Institute They have found that at least 
a dozen viruses are involved, some perhaps only 
strains but others distinct and unrelated Indigenous 
West African species of the families Bombacaceae and 
Sterculiaccae carry them and are presumably the 
source from which the cocoa was originally infected 1 
Hie different viruses produce different symptoms on 
cocoa, and some are much more virulent than others 
They are carried from cocoa to cocoa, and from wild 
trees to cocoa, by various species of mealybugs, which 
iced on a wide range of plant species 

Cure of infected individual trees is not reckoned 
among i mm ed i ate posnbilities The disease must 
be fought by checking spread of infection, and as the 
vectors are difficult to attack, practical control aims 
at reducing the centres of infection Thu 
cutting out all d i seased trees, both cocoa and forest 
species, in the neighbourhood of cocoa 


One essential for control u early recognition of the 
disease, and the earliest symptoms are only incon¬ 
spicuous markings on young leaves at a certain stage 
of development They have been studied and 
described on cocoa by grafting diseased buds into 
healthy seedlings and so infecting them The 
symptoms on wild species are still more obscure, and 
the presence of virus can often be detected only by 
transferring it to cocoa through infected mealybugs 
The identification of indigenous earners of virus u 
still a matter for continuing research 

Aj some of the wild hosts are huge trees, very 
difficult to destroy economically, research includes 
trials of chemical methods of arbonade It also 
includes investigations of the recently introduced 
systemic insecticides, which may help to give a 
partial control of the vectors 

Witches' broom has been studied at the Imperial 
College of Tropical Agnculture and by the Depart¬ 
ment of Agriculture of Trinidad and Tobago It is 
caused by a fungus, Marasmus pemiaosus Stahrl, and 
u named from the hypertrophied growths produced 
when the spores of the fiingus infect developing 
shoot-buds , but its most damaging feature n a pod 
rot caused by infection of growing fruits Control 
again depends on reduction of centres of miectior, 
but with a difference It is not, m theory at least, 
necessary to cut out infected trees, but only to 
remove from them all infected shoots and fruits m 
order to prevent fructification of the fungus In 
practice, where old trees are severely infected, the 
complete excision of infected tissues is so expensive 
that felling and replanting may be more economical 

Excision is the only method of control yet estab¬ 
lished Spraying, unless new methods can be found, 
is impracticable Good hopes, however, appear to 
lie in the use of some highly resistant strains of cocoa 
discovered by the late F J Found* m the Upper 
Amazon basin 

Before either of the two major diseases became 
prominent heavy I ones were incurred from block pod, 
another fungal disease characterized by rotting of 
fruits and cankering of branches, caused by 
Ptytophthora palmwora Butler Thu disease u uni¬ 
versal and has never been brought well under control 
where climatic conditions favour it. There are 
several other pod rots and various root diseases of 
more local significance m different countries 

There are also several insect pests of mqjor import¬ 
ance that have received some study but require more, 
notably capsid Jbugs m West Africa and thnps in 
Trinidad The total annual low of cocoa from diseases 
and pests u hot known, but it u probably an amount 
which, if saved, would remove all immediate danger 
of scarcity. 
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IMPROVEMENT OF PLANTING MATERIAL 

The possibilities of increasing the productivity of 
cocoa plantations by scientific plant breeding are 
very great indeed The species is indigenous or of 
ancient introduction over a wide area from Mexico 
to Peru and highly variable over its range 1 The 
Tnmtano cocoas of Trinidad, Venezuela and the 
Caribbean region generally are particularly diverse, 
and even in a single field types can be found as 
different from each other as are (to take a familiar 
species for comparison) the apple varieties of Europe 

Plant breeding and genetical observations have 
not yet gone far beyond simple selection in the 
heterogeneous Tnmtano population, but even 
simple selection, coupled with vegetative propagation, 
has isolated clones yielding at least two or three 
times as much cocoa per acre as the unselected pop¬ 
ulation The clones also demonstrate striking 
differences in habit, degree of resistance to diseases 
and pests, and quality of product, that can be 
turned to good account The combination of desirable 
characters by crossing and re^sekebon is now under 
way, and should result in cocoa varieties far more 
efficient ai crop plants than any available previously 

This is only the beginning The variation a mon g 
Tnmtano cocoas is only a fraction of that immediately 
or potentially available to the breeder The botanical 
study of cocoa started late, and representative 
collections of breeding material have not long been 
available, but the lack is fast being remedied Mention 
has been made of the discovery by Pound of a high 
degree of resistance to witches' broom among Upper 
Amazon cocoas never before in cultivation A 
reservoir of Upper Amazon material has still to be 
examined for other useful genes, and there are large 
areas (notably the Orinoco basin) from which the 
native cocoas have not yet been collected for study 
Beyond that again are possibilities of using other 
species of TJuobroma m interspecific crosses 

The potentialities, in cocoa, of breeding for 
increased yielding power are important because they 
vitally affect the future of cocoa growing More 
intensive cultivation has b^en rendered inevitable by 
the mqor diseases, which can only be controlled by 
processes demanding continuous application and a 
higher standard of skill in the grower Genotypes 
are required capable of profitable response to intensive 
treatment, suited to the new ecological conditions 
created by new systems of culture, and acceptable m 
the quality of their product The evidence indicates 
that they can be bred 

IMPROVEMENT OP PLANTING METHODS 

Improving planting methods calls for researches 
embracing physiological investigations including 


nutritional needs, soil studies, and agronomical 
experimentation It is essential for the rationalization 
of planting systems that more should be known 
about the functions of shade Shade undoubtedly 
affects transpiration and hence the whole water 
balance of the tree, it also affects photosynthesis 
thus bearing on nutrition The complex interactions 
of shade, protection, nutrition and water supply will 
take a lot of working out, and fundamental know¬ 
ledge must be gained from study of the physiology of 
the leaf before optimum conditions can be arranged 
in the plantation There is scope for fruitful 
collaboration between physiologist and geneticist 
in studying the reaction of various genotypes to 
different degrees of insolation with a view to effecting 
the best adjustment between type and environment 

Study of cocoa soils u a special aspect of nutrition 
requiring its own team of workers in collaboration 
with the physiologists Here again good foundations 
have been laid 4 but much remains to be done and 
the great need is for more manpower to intensify 
research 

The cocoa agronomist has perhaps the most com¬ 
plicated role in the research team, as it is his business 
to find the most economical applications in the field 
of the findings of the laboratory In established 
plantations his scope 11 necessarily limited, and there 
can be no sudden revolution in plantauon methods, 
since all the circumstances of the industry are against 
it We are concerned, however, with the long view 
The planting of new areas and replanting of diseased 
areas will open up big opportunities if answers can 
be found to a number of questions, of which only a 
few can be mentioned 

How far can necessary protection from excessive 
air movement be obtained with tree arrangements 
permitting the use of mechanized equipment for 
disease control 7 What is the possible place of cocoa 
on mixed farms where livestock provide organic 
manure for the trees ? Can this tree crop, by the 
use of material selected for early bearing, be fitted 
into a long term (say 25 year) rotation of crops with 
advantage to the soil 7 What are the possibilities of 
mterpUnUng cocoa with other tree crops to eliminate 
the unproductive shade tree ? These are all questions 
of applied ecology, and though they may be answered 
by empirical trials they are intimately connected with 
the basic inquiries into genetics and physiology 

IMPROVEMENT OP PREPARATION 

The * wet * cocoa harvested from the tree is fermented 
and dried on the plantation to make the marketable 
product, and this preparation affects both cost and 
quality It constitutes another fruitful field of research 
in which microbiology and biochemistry arc the 
sciences involved The Colonial Microbiological 
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Research Institute in Tnnidad is working in this 
field with the Imperial College of Tropical Agri¬ 
culture interested in some aspects of it, and both 
institutions keep dose contact with research organi¬ 
sations 9! the chocolate manufactui ing industry which 
are naturally very much concerned with the question 
of quality, as they are indeed with all aspects of 
cocoa production 

SUMMARY 

Present world supplies of cocoa are barely enough 
to meet an immediate demand which is itself much 
lower than potential demand Examination of the 
conditions under which cocoa u grown shows that, 
although the obvious threat to supplies comes from 
plant diseases, there are deeper underlying reasons 
for the precarious state of the industry Improved 
supplies and a stable future for the grower depend 
on more efficient production, towards which research 
must contribute by both ad hoc and more fundamental 
investigations 

In the sphere of plant pathology research is most 
urgently necessary for overcoming technical diffi¬ 


culties m the application of control measures, though 
there u a Up need for much more information on 
diseases and pests For improvement over a longer 
term we have to look to genetics and plant breeding 
for more efficient planting material, responsive to 
intensive culture, to plant physiology and soil 
science for elucidation of the principles underlying 
planting methods, and to agionomy for the 
economical application of those principles in the 
field Microbiology and biochemistry are involved 
in parallel researches on the preparation of cocoa 
beans on the plantation, affecting their cost and 
quality 
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In the technology of metal extraction the expression 
1 amalgam metallurgy ’ is new It was chosen 1 to 
describe comprehensively certain new processes de¬ 
veloped at the Duisburg Copper Works 1 and extended 
with the aid of the I G Farbenindustnc A G during 
recent yean Apart from a series of patents - of little 
significance and occasional comments in the literature 1 
this work is hardly known Nevertheless, several pilot 
plants have been in operation, partially for some 
years , a foil scale plant for the production of pure 
xinc from roasted pyrites by amalgam metallurgy 
was being built but was not completed before 1939 

The way for amalgam metallurgy has been pre¬ 
pared by two predecessors the Castner-Kellner 
process for electrolysis of alkali chlorides using mer¬ 
cury cathodes 4 to which is due the large scale 
development of the use of costly and poisonous 
mercury as an intermediate in heavy chemical 
industry, and polarography - , the method of analysis 
by the dropping mercury electrode from which 
current/voltage curves yielded important informa¬ 
tion on the behaviour of amalgams and the reactions 
occurring at the phase boundaries of amalg am* m 
aqueous solution There are of course occasional 


references in earlier patent literature relating to 
heavy metal amalgams which may be considered as 
historical forerunners of amalgam metallurgy, but 
they are impractical and comparatively useless 7 

As with wet extraction, amalgam metallurgy con¬ 
stitutes a further invasion of metallurgical processes 
by chemical technology, whereby coarse high tem¬ 
perature reactions are replaced by exactly controllable 
reactions in the cold, for mercury introduces the 
possibility of obtaining different metals in the form 
of very dilute amalgams, reactive and liquid in the 
cold Amalgam metallurgy enables low grade 
complex ores and even inferior raw materials to be 
used, since the cheapest form of decomposition gives 
a direct yield of valuable metallic end-product, such 
as the purest form of metal or alloy powder used m 
metal ceramics 

Low grade ores* are unsuitable for normal 
metallurgical processes since the predominating 
content of gangue requires too much foel for extrac¬ 
tion procedure and leads to considera ble km of 
metal in the slag Even flotation, specially suitable 
for working poor ores, is often uneconomic It 
is characteristic of amalgam pr ocq sc s that the 
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achievement of high punty 
u particularly easy and 
cheap, a particular type 
of thirf new wet metallurgical 
technique, the so-ralled 
barrier electrolyse, yields 
highest purity metal from 
grossly impure metallic salt 
solution in one stage, with¬ 
out additional processes or 
purification!# without extra 
cost by this process it is 
impossible to produce any¬ 
thing but the highest quality 
metal 

The gn ater applicability 
of alloys compared with 
individual mtuls justifies 
relatively costly production 
processes for example with 
the aid of expensive high 
freque ncy vacuum furnaces, 
and with high wear and 
tear on nulting pots Ihus the market value of 
alloys is always higher than that of unalloyed metals 
Since thL amalgam technique enables alloys to be 
prepared with the same expenditure of work as loi 
puie metals, direct from the ore without preparing 
the individual metals 

The difieri nee bi tween the market value of semi¬ 
finished products and of the metal itscll is c onsidcrable 
for all metals and depends on the manner of working, 
such as thickness of sheet, diameter of win etc Tht 
starting material for metal ceiamit s, powdered metal 
which is usually prepared by sputtering the molten 
metal in air or water, by stamping and milling, by 
electrolysis or some othi r method 10 , commands a 
much higher price as prefabricated metallic scmi- 
fiwshed produc t than as the solid metal, and may be 
obtained by a process well known in amalgam 
metallurgy, the dry mercuiy evaporation te so- 


Table I Pre-war Average Pruesfor Ores and Metah 
tn Austria (Official Export Trade Statistics) 
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Figure r lytes qf amalgams 

called S ihwilung process Ihus amalgam metallurgy 
can use low grade ores is starting material, par¬ 
ticular!) as the prices of high grade ores ( Table /) 
often form thr largest part of purification costs which 
arc less for chlorinating decomposition processes 

TECHNICALLY IMPOR1ANT PRUPER1IES 
Ol AMALGAMS 

Affmtty of metah Jor mercury — It is useful to divide 
amalgams into three groups according to their tceh- 
niral applicability which can be designated by 
naming for every group one charade rutic metal as 
the iron, zinc and sodium types (Figure /) rhe 
amalgams of the iron type tend to be particularly 
useful for produc Uon of alloy powders, those of the 
zinc type for the preparation of pure metals and 
those of the sodium type as aids in working up 
solutions difficult to electiolysi 

I his division corresponds to three difli r< nt degrees 
of affinity with meicury The greatest affinity is 
found in metals of the sodium type which unite with 
mercury with considerable evolution of energy, often 
explosively, to form stoichiometric intermetallic com¬ 
pounds Zmc type metals have a mtdium affinity, 
good miscibility with mercury without excessive heat 
production, and form mixed crystali Metals of the 
iron group are not mutually miscible with mercury, 
yet a certain affinity remains since these metals m 
the nascent state are attacked by mercury so that at 
least surface amalgamation occurs Certain other 
metals can never be combined with mercury 

As will be shown, there are accurate electric poten¬ 
tial values which serve to characterize quantitatively 
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the mercury affinity of metals but thermal data 
cannot be used directly The solution enthalpies of 
molten metala in mercury, which are strongly affected 
by concentration unlike the solution enthalpies of salts 
in water but similar to the enthalpies of mixing or¬ 
ganic liquids, ha\e opposite signs for solution en¬ 
thalpy and dilution enthalpy , at infinite dilution 
mercury solutions have zero solution enthalpy 


TabU II Saturated Mtraay-mtUd Solutions , tn 
par cant by Weight 
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It should not be overlooked that the melting 
points of metals also play a part, though with fre¬ 
quent exceptions, in division into amalgam types 
Metals ot the sodium type have on the average the 
lowest melting points, zinc type metals come next 
while iron type metals have high melting points and 
those which do not form amalgams have very high 
melting points Gallium is an outstanding exception , 
although melting in the heat of the hand and, with 
its silvery white colour so similar to mercury, it is 
completely immiscible with it 

SOLUBILITY OP MLTALB IN MERCURY 

True solution and metallic suspension — It should be noted 
at once that the amalgam technique m metallurgy » 
concerned almost entirely with easily flowing amal¬ 
gams, cither true solutions of metals in mercury or 
verv dilute amalgam sludges which in outward 
appearance and flow properties arc scarcely dis¬ 
tinguishable from purr mercury the metals are 
handled in the flowing state in the cold 
Surprising confusion prevails m the literature on 
the solubility of many metals in mercury Since 
mercury is opaque and metallic suspensions in mer¬ 
cury are often extraordinarily fine grained, and even 
colloidal, it is dearly not always easy to recognize the 
heterogeneous nature of a free flowing dilute amalgam 
suspension Thus iron and other metals of the iron 
type are undoubtedly completely insoluble in mer¬ 
cury, though the data in the literature 11 vary between 
o 1 and I0~ l# per cent The fineness of a metallic 
suspension in mercury depends on the suspended 
metal, as for example with copper which u much 


coarser than nickel, and also on the mode at pre¬ 
paration Thus heterogeneous amalgams prepared 
electrolytically when the mercury is stirred during 
electrolysis, particularly by ultrasonics, will remain 
mobile, being fluid even at quite high metal contents 

On the average the highest solubilities in mercury 
are shown by metals of the zinc amalgam type, of 
which thallium has the highest value over 40 per 
cent at room temper a ture Metals of the sodium type 
have slightly lower solubilities It must be remem¬ 
bered that as a result of the high specific gravity of 
mercury, the volume content of mercury-metal 
solutions is much higher than would appear from the 
usual percentage figures for metallic systems, Table II 
A solubility of 1 per cent corresponds to i35gm/l 
and the mol ratio of solvent to solute of a a per cent 
zinc amalgam corresponds to a half-saturated solution 
of sodium chlondev It is striking that the metals 
having good solubility in mercury occupy places 
next to mercury in the periodic table, both horizon¬ 
tally and vertically , this indicates a correlation 
between miscibility and the structure of the outer 
electron shells 

The solubility of a metal in mercury always in¬ 
creases with ruing temperature For the easily 
soluble metals of the zinc type it increases rmpidk 
for even a small rise in temperature Thus a rue 
from room temperature to 70°G increases the solu¬ 
bility of bumuth eightfold, bn sixfold, lead fivefold 
and cadmium and zinc threefold It u understandable 
that the solubility of a given metal in mercury is 
generally greater the nearer the melting point of the 
metal is approat hed rhus the solubility of aluminium 
a very low at room temperature whereas at 550°C 
t e about iooC° below the melting point, it amounts 
to 10 per cent On the other hand iron and silicon, 
which at thu temperature are still nearly i,oooC° 
below their melting point, still show a solubility 
about as low as at room temperature The example 
of gallium, quoted earlier, shows clearly that the 
nearness of the melting point to the solution tem¬ 
perature docs not always lead to high solubility Just 
as in aqueous systems, the soluble and insoluble 
components can be separated from mercurial solu¬ 
tion by filtration and sedimentation The precipitate 
does not sink the heavier mercury stays at the bottom 
while the precipitate floats on the surface like cream 
on milk Filtration is a means of separating the 
different groups of metals filtered amalgams are 
always free from metals of the iron type 

There is another similarity between aqueous and 
mercurial systems, in that metals dissolved in mer¬ 
cury, especially by exchange between mercury and 
an aqueous phase, are readily and rapidly reactive, 
whereas metals not easily soluble are not easy reagents, 
insoluble, and cannot be exchanged Exchange 
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between the mercury and aqueous phase plays an 
important part in *iw*1g*m metallurgy operations in 
preparing metals in purest form , insoluble metals of 
the iron amalgam type therefore cannot be prepared 
directly in pure form 

Cold allqytng —This inability to react does not 
govern all kinds of amalgam reactions, particularly 
not those for combination of components of the 
mercury phase between themselves Metallic sus¬ 
pensions in mercury are very often able to combine 
with soluble components in the amalgam, even at 
room temperature, thus precipitating them Ihese 
precipitation reactions can be called * cold alloying * 
The rate of reaction vanes according to the nature 
of the insoluble component, being foster m nickel 
than in iron amalgam, often qccumng with a notable 
evolution of heat in the reaction mixture, as in the 
combination of nickel and zinc Up to the present 
no example of cold alloying is known in which, at 
least, not one insoluble amalgam component takes 
part in the reaction Easily soluble metals coming 
together in mercury solution usually mutually raise 
their solubility Cold alloying, however, does not 
always occur when soluble and insoluble components 
are ninreH m mercury Thus lead diaolved in mer¬ 
cury does not react with a suspension of cobalt 
amalgam though it does with copper amalgam, while 
cobalt amalgam will react at once with a mercury 
solution of cadmium 

If metal suspensions in mercury, particularly those 
formed by electrolytic precipitation of iron or man¬ 
ganese at a mercury cathode, are filtered and the 
cake pressed, usually at high pressure and completely 
drained from mercury, great quantities up to qo per 
cent or more of mercury are still retained On the 
other hand in multi-metal amalgams such as those 
prepared fay cold alloying, 
the mercury content falls 
sharply In such alloy amal¬ 
gams insoluble in mercury, 
the original amount of alloy 
component soluble in mer¬ 
cury can be precipitated by 
a fractional amount of the 
insoluble component t g one 
part of nickel will precipitate 
five parts of zinc 


dilute amalgam the solution pressure of the metal 
dissolved in the mercury is proportional to its 
concentration, and the amalgam potential is 


Ch«o 


„ „ RT 

Ew=Et -nF U 'Co, 

“ K ~ ° ^ ~ (*"* Ch *° ~ ,OR Ch «) (i) 

Where this formula shows that an amalgam potential 
does not alter if the mercury and water concentrations 
Ch* and Ch,o are changed in the same direction and 
m the same proportion, it is not necessary, in defining 
a characteristic normal amalgam potential, to let 
Ch.o and Ch, — i It is sufficient over quite a wide 
range if these two quantities are equal to one another 
AS J Heyaovsky and his co-workers have shown in 
their work 11 on the dropping mercury cathode, this 
occurs when a polsrographic wave has reached its 
half amplitude These polarographic half wave poten¬ 
tials, which are independent of concentration, are an 
exact measure of the extent to which an amalgam 
of a given metal is electropositive or electronegative 
with respect to that of another metal, and by com¬ 
parison of the normal and half wave potentials the 
concept of mercury affinity of the different metals 
cad be defined exactly 

The half wave potential can be extrapolated to 
the normal electrode potential, by letting C H| o ™ > 
and accordingly giving the highest possible value to 
the concentration m the metal phase, using 


«»= — 


0 068 
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where n is the valency, M the molecular weight and 


BLBGTAIC POTENTIAL 
PROPERTIESOP All ALCfAlflS 
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Normal and half waot polcn- 
halt —For all reactions of 
a m a l ga m s with aqueous 
solutions the potential diff¬ 
erence at the mercury/water 
interface is decisive For a 
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q the density The difference between this and the 
actual normal electrode potential gives, at least to a 
first approximation, a figure for calculating the true 
energy of amalgam formation at room temperature 

With the aid of their half wave potentials amal¬ 
gams may be arranged in an electromotive senes 
Ftguri » shows that the three amalgam groups already 
mentioned may be distinguished the zinc amalgam 
type hi which normal electrode potential and half 
wave potential are approximately the same, the iron 
amalgam type in which the half wave potentials are 
considerably more negative, and the sodium amalgam 
type in which they are much more positive than the 
normal electrode potentials 

The amalgam potentials of the zme and sodium 
types are reversible t e they are always the same 
whether the amalgam is not reacting, is decomposing 
to yield the given type of ion or is being formed by 
solution of the metal in mercury 1 his is not so for 
the actual potentials of the iron type amalgams 
The potential on formation is consideiably more 
negative than the resting or decomposition potentials, 
and this potential hysteresis is much greater than the 
difference between the half wave and normal elec¬ 
trode potentials Thus pure iron is considerably leu 
noble than copper and more so than zinc, but iron 
amalgams on formation are less noble than zinc and 
on decomposition more noble than copper, which 
corresponds to a potential hysteresis of over i i v, 
so that iron amalgams prove much more resistant to 
formation or decomposition than pure iron 

Laws governing potentials and phase exchange of amal¬ 
gams — Hie electrode potential properties of tht 
dilute amalgams used in amalgam metallurgy can 
be characterized by three rules which have the 
general applicability of natural laws 

/ the potential of an amalgam is determined solely 
by its least noble component 
a since each amalgam strives to attain a positive 
potential, thexe reactions which produce a more 
positive potential proceed spontaneously 
3 an amalgam is unable to take part m a reaction 
which does not change its potential 

Hie extraordinarily wide range of techniques in 
which amalgam metallurgy abounds depends very 
largely on the application of these laws While a 
change in concentration of 10 per cent in a divalent 
metal corresponds according to Nermt’s formula to 
an electrode potential change of scarcely 30 mv, on 
the other hand the different half wave potentials 
which normally occur are mostly separated by much 
more than ten times that amount, so that in conse¬ 
quence of / the potential of an amalgam is remarkably 
sensitive to the presence of traces of less noble im¬ 
purities. Thus if lead containing 0 01 per Cent zinc u 


dtaolved in mercury, the given potential no longer 
resembles that of lead amalgam, but is mare negative 
and its value is determined by the trace of zuic 

This phenomenon is also valuable since the com¬ 
plete removal of the smallest traces of impurities can 
be effected easily and quickly on account of a If 
any solution of a lead salt is mixed with the amalgam, 
the traces of zinc must go from the mercury to the 
aqueous phase in ionic form because this makes the 
potential more positive, and an equivalent amount 
of lead 10ns goes from the aqueous phase to the lead 
amalgam 1 e the phases exchange metals and this 
type of reaction 11 therefore usually called a phase 
exchange reaction For example if a bismuth-tin 
amalgam is mixed with a bismuth-tin salt solution, 
it depends whether the amalgam or solution is in 
excess if the former, a solution of the tin salt almost 
completely free from bismuth is obtained, fend if the 
latter, a tin-free bismuth amalgam 

A consequence of 3 u that in phase exchange say 
in a lead-cadnruum-zinc amalgam (half wave poten¬ 
tials — 0 46, — o 63 and 1 06 v respectively against 
a normal calomel electrode) in contact with a lead 
salt solution, only zinc is exchanged for lead Since 
by / the zinc determines the potential, exchange 
between cadmium and lead would not alter the 
potential while became of 5 it could not occur even 
to a minute extent so long as zinc is present m the 
amalgam II the lead salt solution is not in excess and 
is renewed continuously, first a pure zinc salt solution 
is obtained, then a pure solution of cadmium salt 
If, on the other hand, a solution of lead, cadmium 
and zinc salts is mixed with insufficient zinc amalgam, 
first pure lead amalgam and then pure cadmium 
amalgam are obtained Thus phase exchange reac¬ 
tions facilitate rapid and simple preparation of both 
pure solutions and pure amalgams Their power of 
purification and sharpness of separation exceed that 
of many aqueous precipitation reactions in which the 
precipitate frequently carries down with it foreign 
matter, not to mention the coarse and ineffective 
separation methods of traditional metallurgy 

Phase exchange goes particularly well in multi- 
component salt solutions when solution and amalgam 
flow in counter current, Figure j The least noble 
metal is left in the aqueous phase while the amalgam 
hi accordance with the dougc used in contact with 
the solution is connected first to the pure amalgam 
with the next least noble metal and finally, when a 
given quantity of amalgam is left for phase exchange 
and the rest removed, is converted to pure amalgam 
with the next metal in the senes The prevailing 
amalgam potential can serve to work an electrical 
relay system which adjusts through electncaDy 
operated valves the appropriate amounts of salt 
solution and the concentration of the aqueous phase 


20 



h rohn Mercury m Chemical Metallurgy 


Research 3-1 
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Phast Phair 

Figure 3 Automatic continuous separation of 

this metals by phase exchange tn counter current 

in contact with the amalgam Thui a plant c an be 
constructed which enables a multi-component salt 
solution to be separated automatically and con¬ 
tinuously into its individual components 

SURFACE TENSION OF AMALGAMS 

Adhesive force of nwexary — Molten metals have the 
highest surface tension of all liquids, and where 
phenomena related to surface forces are found to 
such a marked extent these may have great tech¬ 
nological significance Since surface tension is known 
to arise from the tendency of the unsaturated forces 
xn the atomic field to seek mutual saturation, either 
with atoms lying in the intci ior of the phase, or by 
foreign molecules through adsorption, mercury with 
a surface tension ux times that of water should be 
an avid adsorbent with a very high adhesion , yet 
paradoxically in spite of its high surface tension 11 it 
would not appear so to the lay observer, and in fact 
mercury cannot wet any solid substances except a 
senes of metals Fhose with practical experience of 
alkali chlonde electrolysis however know that it is 
not so easy to avoid impunties m the sodium hy¬ 
droxide produced by the action of water on the 
sodium amalgam the mercury which u syphoned 
out of the cells cames with it adsorbed sodium 
chlonde In amalgam metallurgical processes often 
operating with a rapidly circulating mercury cycle 
which at one point is in contact with impure solutions 
and then elsewhere in contact with very pure aqueous 
solutions (concerning amalgam metallurgical barrier 
electrolysis see a further article to be published on 
technical applications) care must be taken that 
these two solutions do not come into communication 
with each other by means of an adsorption film on 
the mercury surface s $ that they are shut off by 
means of an invisible flowing skin The best method 
of combating this danger is by coating the barrier 


syphon parts with amalgam since only unamal¬ 
gamated surfaces are able to carry over adsorbed films 

Surface eddies 11 ’ 1 *— It has been known since about 
i8qo that the surface tension of mercury changes 
considerably with its electric potential . 

According to the usual electrocapdlanty curve of 
mercury it is a maximum at — 06 v (measured 
against a normal calomel electrode), and as the 
potential becomes more negative it falls steadily 
further below its original value Die fact that the 
surface tension of mercury varies with its potential 
has a most remarkable result if two points m the 
same mercury surface have different potentials, and 
thus different surface tensions, the mercury will flow 
from the point at lower to the point at higher surface 
tension and the swirling of the surface is so vigorous 
that the mercury moves as if it had been stirred 
violently Different surface tensions and the corre¬ 
sponding motion effects arise for instance when 
electrolysis lakes place between electrodes which are 
not parallel or if the opposite electrode u too small, 
so producing different current loads m the mercury 
electrode, or if in a phase exchange reaction only 
part of the mercury surface is brought into the 
reaction The resultant motion in the phase boundary 
always increases the rate of reaction so these surface 
forces can be used for stirring metallic systems 

Amalgam films — If an attempt is made to coat a 
clean iron surface, such as a polished piece of foil, 
with pure mercury no success is attained If however 
the mercury contains a trace of sodium, amalgamation 
occurs at once, and the iron becomes covered with 
a mirror of mercury It is clear that this is not due 
simply to the lower surface tmsion of the sodium 
amalgam, for pure mercury will amalgamate iron 
surfaces if they are m the nascent state Thus a live 
iron foil cathode which u placed in an iron salt 
solution 11 immediately coated with a mercury film 
when a drop of mercury is put on it, and iron de¬ 
posited at a mercury cathode got s immediately into 
the mercury phase It is assumed that the invisible 
oxide layer on the iron normally prevents amalgama¬ 
tion , this is absent in the nascent metal and is 
reduced by the strongly reducing action of sodium 
amalgam Zinc dust is rapidly amalgamated by 
sodium amalgam whereas zinc rod, but not zinc 
dust, is attacked by pure mercury Iron can alio 
be amalgamated by mercury containing a small 
amount of zinc if the iron surface » rubbed during 
the process or if it is etched with acid , probably 
the zinc forms an adherent layer between the iron 
and the mercury 

SPECIAL PROPERTIES OF AMALGAMS 

Semttiaemss to oxidation — Free flowing amalgams are 
highly sensitive to oxidation This u one of their most 
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important properties and tech¬ 
nologically is most undesirable 
These amalgams are so sensitive 
to air that even when standing they 
arc immediately coated with a 
dirty grey skin, and if stirred they 
arc soon completely converted to 
a mixture of metal and oxide, 
forming a non-flowing sludge quite 
useless technologically Perhaps for 
this reason the great advantages 
of amalgam metallurgy were long 
unrecognized, and therefore one 
of the most important discoveries 
has been that it is possible to work 
with amalgams in the open air, 
and to keep them dean and 
free flowing if they are covered with a solution affinities for mercury of the three types of amalgam, 
able to dissolve the oxide of the least noble metal the production of mercury-free metali from amalgams 
component of the amalgam Usually such oxide of the sodium type u not usually attained by simple 
solvents, which do not attack the amalgam, can be distillation, for amalgams of the zinc type it is only 
found readily, and they are completely effective even possible by using relatively high temperatures, up to 
though they are usually unable to regen er ate the 90o°C, whereas in the Schwelung process decom- 
amalgam sludge if once it has been formed With posed amalgams of the iron type or of alloys, the 
jnne amalgam, for instance, a very dilute solution product can be obtained easily free from mercury at 
of hydrochloric acid can be used as oxide solvent, relattvdy low temperature Furthermore, with this 
or an ammomacal solution of an ammonium salt , process, the solid charge is much less corrosive than 
for sodium amalgam even water is sufficient the molten metals m the distillation process, and the 



figure 4 Stability qf amalgams as a malt qfpotential calms (schematic) 


Resistance to acids — The extraordinarily high resis¬ 
tance of amalgams to attack by strong acids arises from 
overvoltage shown by hydrogen 10ns at a mercury 
cathode It is interesting that the electrical deposition 
potential for the discharge of hydrogen 10ns on mer¬ 
cury decreases 17 by — 100 mv for each unit, so 


construction of gas tight metallic apparatus with 
good heat efficiency is thus not difficult Thermal 
preparation of amalgams suitable for the dry evapora¬ 
tion process is thus the usual heating procedure of 
amalgam metallurgy rather than distillation of the 
zinc and sodium type amalgams 


that this ion behaves as if it were semi valent If the 7 ^ author wishes to thank Springer Verlag , Vienna, 


half wave potentials of amalgams are plotted in 


for permission to reproduce a diagram from a previous 


voltage coordinates and also the reduction potentials publication 1 


of the hydrogen ion, of oxygen and of other oxidizing 
agents at different pH values at a mercury electrode 
(Figure 4), it is seen at once which amalgam will 
be attacked by a given reagent and which will not 
be attacked Only when the potential of the given 
amalgam is more negative than the relevant reduction 
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Menwy vaporization from liquid and solid amalgams — 
The thermal decomposition of amalgams and thus the 
removal of mercury by application of heat, takes 
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powdered metal Corresponding to the different 
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Fluorine and Teeth 

J M FLETCHER*, MA, PhD and R H S ROBERTSONj, MA, FGS 


In animal and plant life some elements, though 
present in small quantities, play important parts 
These trace elements have become familiar during 
the last fifty years , their discovery was made by 
empirical observations, but their absence has often 
been made good in medicine before their function 
was fully understood Examples are boron and 
manganese in the growth of healthy vegetables, 
cobalt in preventing pining of sheep, iodine in 
suppressing goitre in man , yet one important fact 
about trace elements is that optimal quantity and 
concentration often remain empirical , too little is 
useless, too much harmful 

Since 1931, the effect of small amounts of fluorine 
on the appearance of teeth and on dental health has 
been established Due to its potential value to man¬ 
kind the subject has attracted considerable research , 
but owing to the possibility of harmful effects from 
this element it is very necessary to determine the 
limits within which it is beneficial This article 
reviews the results of past surveys and research for 
the benefit of those who are unfamiliar with the 
original papers in dental and medical journals , it 
also discusses these results as they affect the situation 
in the United Kingdom 

MOTTLED ENAMEL AND DENTAL FLUOROSIS 

It was noted as early as 1916 that dental canes was 
lower m certain areas of the USA in which un¬ 
sightly brown staining of the teeth called 1 mottled 
enamel ’ was endemic, but it was not until 1931 that 
the occurrence or absence of this mottled enamel was 
definitely correlated with the amount of fluonde ion 
m the dnnking water supply 1 Later investigations 
have shown that, in addition to brown staining 
fluorine is more often responsible for causing white 
opaque spots or streaks w the enamel Brown 
mottling is an extreme form of dental fluorosis 
which is more than likely to occur when the dnnking 
water contains four parts per million or more of 
fluonde, it is also found with amounts of fluonde 

* At pW M t at Atomic Ebony Rwuth EaUblahment, Hanrdk 
t Oonmltant k Raw Matenu Dewkpnpt, Glugow 


down to 1 ppmin communities where the standard 
of nutrition 11 particularly low In Britain it is rare , 
the classical example was Maldon, Essex, where the 
water at one time contained 5 p p m fluonde 

White mottling on the other hand is of far more 
frequent occurrence. In its milder forms it is only 
readily apparent to the trained eye, and there are 
probably many persons in Bntain who are unaware 
that their teeth show evidence of it Whereas it is 
likely to be found m districts where the water 
contains 1 ppm or more fluonde, surveys have 
discovered it m mild form in areas where there u 
only o 3 p p m This concentration is high though 
not unusual in Britain 


DENTAL CARIES 


The influence of fluorine on teeth would be of minor 


significance were it not for its importance m reducing 
dental decay There have been many surveys of the 
relationship between dental canes and ppm fluonde 
in dnnking water These have established that, pro¬ 
vided other factors are constant or not widely dis¬ 
similar, there u a definite overall reduction of canes 
as the quantity of fluonne increases lhus from a 
study in 21 cities m the U b A of over 7,000 school 
children aged 12 to 14 years, H T Dean 1 found 


fluonde content of Number of 

water supply ppm children 

>14 847 

X 0 to I 4 1,403 

0 5 to o 9 1,140 

<03 3,867 

Affected teeth arc classified as decayed, missing or 
filled teeth 


Affected permanent 
teeth | 

39 
43 
74 


These surveys have also shown that the influence 
erf fluonne in reducing dental canes is primarily 
limited to its availability m the yean of formation 
and eruption of the teeth, that is, m childhood up to 
the age of twelve yean, subsequent availability of 
fluonne 11 of less value* Mottled enamel is not by 
itself the cause of reduced susceptibility to canes 
because, in areas where it is found, freedom from 
canes occun to the same extent whether the teeth 
show mottling or noc 
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In thin country only one large scale survey 
specifically related to fluorine has so (hr been reported 
R Weaver 4 compared the teeth of both five and 
twelve year old children in South Shields (with 
i 4 ppm fluonde in the water) with those of North 
Shields (with less than o 25 p p xn fluonde) With 
both age groups there was 55 to 60 per cent less 
canes in South Shields Weaver suggests that the 
benefit to the children of South Shields is short lived 
as no significant difference was detected in the amount 
of canes in the adult population of the two towns. 
Yet in the USA where more surveys have been 
made, indications of a permanent effect are found 
0 & canes in army recruits aged 21 to 28 coming 
from high fluorine areas is significantly less than in 
recruits frtun low fluonne areas* On this point 
there is a need tor further studies in this counts y 

Availability of fluorine is by no means the only 
factor which influences the prevalence of canes 
There is an analogy between canes and the rusting 
of iron*, Rusting requires certain conditions and 
involves a chain of events , it may be prevented by 
evolving a rustless steel, forming a protective cover 
on the metal, or modifying the environment in which 
the metal is placed In the same way decay is 
reduced by the structure of the teeth being good*, 
by forming a protective layer by local application 
of a strong fluonde solution, or by avoiding oral 
conditions which encourage caries 

Apart from traces of fluonne, good calcification of 
teeth results from adequate adsorption by the body 
of calcium and phosphorus Diets which include 
ample milk and vitamin d m childhood create 
dental conditions more capable of routing decay 
The small but finite reduction in canes noted in 
London and other school children between 1929 and 
1945 has been attributed on these grounds to the 
improvement in diet and provision ot cod livei oil 1 

There are several (acton which appear to affect 
canes through their influence on oral conditions 
Chief among these are soft foods and the inclusion 
of excessive amounts of sugar in the diet Many 
studies by the Michigan, Ohio and Californian Dental 
Colleges have proved the latter point* The fact that 
primitive communities such as the Eskimos, who were 
mainly canusorous, have suffered a sharp increase 
m canes when they adopted the dieU of modern 
civilization u largely attributable to these factors 
Strangely enough conditions of chronic malnutrition 
may also lead to immunity to canes by shifting the 
balance of the b&ctenal flora in saliva in favour of 
those organisms which confer natural protection Both 
in areas of India, and in those parts of Holland 
sulgect to 4 uear-starvation * m 1945, canes has been 
noted as being exceptionally low Other (actors are 
the arrangement of the teeth in the mouth, the 


pr e se nce of recesses not reached by saliva, personal 
oral hygiene, and good or bad dentistry. 

Fluonne is therefore only one of several items 
which prevent decay and it can be overshadowed 
by other conditions Where nutrition is good but 
modern (bods induce canes, local availability of 
fluonne has, however, lowered the rate to a signi¬ 
ficant extent in various parts of the world 

AVAILABILITY OP FLUORINE 

The correlation of dental health with fluonne has 
been established mainly from its presence as the 
soluble fluonde ion in drinking water In recent 
years improved methods of chemical analysis have 
enabled determinations to be made of the fluonne 
content* of foods, TabU I With the exception of 
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fish, particularly fish bones, and bone soups, most 
foods contain only traces , tea can be a nch source 
but does not contribute much in childhood, for an 
average adult diet the intake from sources other than 
water and tea is likely to yield o 3 to o 5 mg of 
fluonne daily This is small compared with the 
intake from dnnking water, including that entering 
the diet by way of cooking, for a people such as the 
Americans who drink water freely, since a total 
daily consumption of even one pint of water with 
ippm fluonde provides about o 5 mg However, 
owing to the hot U S summer and high indoor 
temperature maintained there in winter, the average 
American child probably drinks more water than 
the average British child 

The realization that fluonne exerts its mg}or 
influence in childhood has directed attention to its 
presence in milk, apart from the fact that the 
liquid intake of babies is satisfied almost entirely by 
milk, the encouragement given to the consumption 
of milk m schools has meant that a considerable 
proportion of the daily liquid intake of school 
children may now come from this fluid The 
fluonde content of milk vanes from 005 up to 
05 ppm at which level the daily consumption of 
1 pint of milk supplies o 25 mg , small though the 
quantity of fluonne in milk 11, it has been found tha{ 
it can be sufficient to cause a noticeable reduction 
in the amount of canes in children and adults*. 
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Investigations' in winch fluorine 19 to 500 p.p m 
was a dd ed to the drinking water of cows have shown 
that not more than o 5 p p tn u transmitted to the 
milk Thu observed limit to the fluorine in cows' 
rnilk conforms with that calculated from the low 
solubility of calcium fluonde and the calcium content 
of milk (1,300 ppm) The limit to the fluorine m 
human milk will be somewhat higher as it contains 
considerably leas calcium (goo ppm) It is possible 
therefore that breast fed children of mothers who 
obtain fluorine either from water or from drinking 
certain teas will have teeth more free from decay 
than bottle fed children Examples of relative free¬ 
dom from canes of breast fed children are known 

Experiments have also been made to determine 
how the fluorine content of plants and food crops u 
changed when ihev are grown on sod to which 
fluorides have been added , there u some increase 
but the influence u variable and not proportional to 
the amount fed to the soil Thu point is of interest 
as certain rock phosphates used as fertilizer! are nch 
in fluorine It seems that they are unlikely appreci¬ 
ably to affect the total fluorine intake from food by 
human beings, but they may have a local effect on 
water supplies and on cattle The information that 
has accumulated on the low fluorine content of food 
accords with the original findings that fluorme-nch 
drinking water is the most significant source of supply 

The amount of fluonne in the water supplies of 
Britain has been determined for various towns and 
villages Some high contents of monr than 1 ppm 
are found in certain small public and private supplies 
where soft water, nch in sodium salts, u taken from 
deep wells from strata underlying London clay A 
number of clays of marine origin in Southern 
England are also responsible for well waters with 
03 to loppm fluonde 1 * , however, the majority 
of Bnlish dnnkmg waters are low in fluonne, often 
with o 1 ppm or even lew, Table II 11 As with 
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milk, the solubility of calcium fluonde, which is 
father less soluble than calcium carbonate, places 
an upper limit on the fluonne content of water. 


Hard waters $ g. from limestone areas, with iso p pun 
calcium are limited to about 2 5 p p m fluonde in 
solution, while soft waters with tappm calcium 
can have up to three times as much, 

FLUORINE IN THE GROWTH OF TEETH 
Apart from the visible evidence of dental fluorotrt 
revealed by mottling, the part that fluorine plkys in 
the life cycle of teeth 11 largely one of conjecture. 
The structure of teeth at different stages of their 
history has been studied by various methods Use 
of x-rays has revealed the spatial arrangrment of the 
pr isms of which the enamel is composed 1 * and has 
shown that the unit cells in the prisms are composed 
mainly of hydroxy-apatite The material between 
the prisms—the lnterpnsmmtic substance—contains 
both calcium compounds, such as calcium carbonate 
and hydroxy-apatite, and organic matter Staining 
techniques show the existence of a series of channels 
through the enamel which make it permrable to 
body fluids With increasing age the channels in 
the p er m anent teeth close up Nature's problem is 
not easy, because not only must good communi¬ 
cations be provided within the teeth to supply the 
means of calcification and to form a hard enamel, 
but also the enamel once formed needs to be closely 
compacted and of low permeability to resist decay 
The change from one condition to the other is not 
ideally rapid after eruption, so that it is at this stage, 
before the permeability is reduced by the slow agiqg 
process, that teeth are most susceptible tn canes. 

The proportion (c o 1 per cent) of fluonne in 
enamel is very much less than it is m fluor-apatite 
which contains 3 9 per cent fluonne , therefore 
fluorine acts either by promoting good calcification 
or by being incorporated in a small proportion 
only of the enamel eg in the mterpromatic substance, 
or in both ways There is evidence, such as the 
occurrence of dental fluorosis, that fluonne affects 
the calcification of teeth , on the other hand, the 
somewhat higher fluonne content of the enamel 1 * m 
fluorine areas indicates that, so long as the enamel 
remains permeable, some of the hydroxy-apatite m 
it is converted to fluor-apatite Thu chemical 
change also occurs m bones Vhich, being more 
porous, average a continuous rue m fluorine content 
from o 05 per cent in childhood to about o ao per 
cent mold age The above picture, incomplete though 
it u, explains why the role of fluonne is primarily 
limited td childhood and permits a smalt secondary 
influence, decreasing with age, after eruption 

The topical application of a strong solution of 
sodium fluonde, which u being tested extensively 14 
on children in the U SA, appears to do little more 
than affect the outer layers of the ennwi , yet 
because it reduces canes in newly erupted teeth thu 
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application emphasizes that the onset of decay u 
essentially a surface phenomenon 

FLUORINE IN REDUCTION OF CARIES 

Although there ore aspects of dental decay which 
are not yet clear, it is no longer true to say that this 
disease is a mystery It arises from a chain of 
circumstances which may be described briefly as 
follows Sugars, and to a less extent starches, are 
the raw material for degradation to acids by bacteria 
in the mouth Intimate contact at places where 
food accumulates between carbohydrates and the 
dental enamel leads to attack by aads or micro¬ 
organisms, particularly where the enamel is weakened 
by fissures or pits , in time by slow penetration there 
a a breakdown of the a brickwork' of the enamel 
and a carious lesion is formed It seems probable 
that the existence of canes m turn promotes the 
growth of aod-fornung bacteria such as Lactobacillus 
0 adophlus 9 because the number of these bacilli in the 
saliva is proportional to the amount of canes m the 
mouth—a relationship which is now being used to 
test the efficacy of vonous treatments 

Any circumstances which break the chain of 
events responsible for cones would be expected to 
reduce the overall incidence of this disease , the 
wide vanety of natural conditions which affect its 
prevalence, and of experimental conditi on s by which 
it can be influenced, testify to the complexity of the 
proc e ss Although fliionne compounds are used 
commercially for their anti-enzymatic action, there 
is httle evidence that the role of fluorine is to reduce, 
by direct action m the mouth, the growth of active 
bacilli Rather does its influence seem limited to 
opposing attack of the enamel It may do this 
partly by enabling the enamel to be formed with 
lubmicroscopic structure free from weaknesses and 
partly fay increasing its resistance to mouth acids, as 
the solubilities of fluor-apatite and calcium carbonate 
are respectively lower than the solubilities of hydroxy¬ 
apatite and calcium carbonate 

OTHER PHYSIOLOGICAL EFFECTS 

Any recommendation to add a fluonde to food or 
water must ensure that no harmful effects will arise 
While from drinking water containing Up to 4 p p m 
the fluorine is mainly passed out of the body through 
the urine, it is known that high concentrations taken 
internally lead to skeletal changes in humans and 
animals* Bones are as sensitive as teeth to ingested 
fluorine , so far there is no definite evidence that 
fluorine up to 4 ppm in drinking water causes any 
adverse effect apart from mottled enamel, but as 
bones, un l i ke enamel, can became enriched in 
fluorine with age, there is a need for the absence of 
^ skeletal fluorosis to be definitely proved. 


Small quantities of fluorine taken internally afe a 
fluonde salt must be distinguished from, industrial 
fluorosis 11 which is due to hydrofluoric sad or 
organic fluorides m industrial smokes from the 
burning of cryolite, ironstone, clays, phosphates at 
coal This form of atmospheric pollution con be 
extremely harmful by causing respiratory complaints 
and indirectly by poisoning cattle feeding off land 
contaminated by it, it can also § g around the 
aluminium works at Fart William 1 *, lead to some 
dental fluorosis and a slight reduction of dental decay. 

CURRENT INVESTIGATIONS 

In view of the significance of canes to humanity, 
much research with fiuonne is being corned out m 
the U S A The dosing of the water supply of a 
city by the addition of sodium fluonde is easy to 
accomplish at the some time os the water is chlon- 
nated , the overall cost is small Many investigations 
have been started in the USA with a fluorine level of 
1 p p m 17 and from preliminary reports there is a 
reduction m canes of about 50 per cent The 
pemianence of the reduction can of course only be 
determined after several years 

Topical application by dentists is meeting with some 
success On the other hand fluorine added to lozenges 
and tablets has not been effective the small amount 
which can be safely incorporated and the use of in¬ 
soluble rather than soluble fluorides, are probably 
responsible Larger amounts are possible for tooth¬ 
paste and warrant extended trials 

In Britain the prevalent attitude towards fluonde 
is one of caution This reaction may be influenced 
by the lack of exact knowledge of the mode of 
action of fluonde , however, even the most obvious 
adjuncts to health s g vitamins, are not fully under¬ 
stood in their modes of operation The recognition 
of the harmful effect of excessive fluorine m water, 
coming as it did before the appreciation of the 
beneficial effect of small quantities, strengthened the 
view of water engineers who maintained that their 
duty was to supply water m its purest form and that 
accessory factors should come from a well balanced 
diet The increasing recognition that drinking water 
has been a natural way of providing trace elements 
such as iodine as well as fluorine may now weaken 
this view So far no experiments with the donng 
of water supply by a local authority have been 
initiated in Britain, certain trials such as the daily 
administration of 1 3 mg of sodium fluonde to 
children in Cheshire have been started 1 * but the 
results are not yet reported In time much will be 
learnt from the U S A trials, but differen ce s in diet, 
tea drinking and climate between the two countries 
make it desirable that we should also have fitit 
hand knowledge. 
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CONCLUSION 

In spite of the progress made through fundamental 
research towards an understanding of the relation of 
fluorine to teeth, there still remains the need for work 
in Britain a to determine what total quantities of 
fluorine are likely to be consumed by babies, children 
and adults from water, milk, tea, soup and solid 
diet, b to determine if any harmful results to bones 
have resulted from the consumption of fluorine from 
normal diets m areas where the water contains up 
to 1 p p m and if so what is the critical level for 
fluorine, and c to consider the form, quantity and 
dilution m which fluorine could be conveniently 
supplied, particularly to babies and children When 
information on the above points has been obtained, 
simple methods to overcome the capricious distri¬ 
bution of fluorine in drinking water supplies and m 
the various items of the diet can be considered It 
may be that a background level less than 1 p p m 
but higher than 02 ppm is desirable in water In 
any event, there are various alternatives to the 
addition of a fluonde to water supplies or to ad¬ 
ministration in tablet form , the daily requirement 
is so small that it could easily be added to a food 
without affecting the taste It would seem feasible 
to add it for use on a regional basis to orange juice 
(as supplied by the Ministry of Health) or to National 
or other dried milks used by babies , or, as with 
iodine, it could be added to salt Also, a few drops 
of a oa per cent solution of sodium fluonde to 
children’s milk or drinking water 

Although there are other lines of approach under 
investigation for the control of canes in modern 


civilized communities, such as a mouth-wash con¬ 
taining 3 per cent urea with 5 per cent diammomum 
phosphate 1 *, it appears that fluorine in limited 
quantities can offer a partial solution There is 
certainly a need for numerous practical trials which 
will require the willing collaboration of Health and 
Dental Officers with research workers 
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Arhour Research Foundation of Illinois Institute 
of Technology u a non-profit corporation organized 
and operated to provide a confidential and inde¬ 
pendent research, development, and experimental 
engineering service to industry, government, and the 
general public Organized m 1936, during the wont 
economic depression in American history, the 
Foundation has grown from a staff of three scientists 
and an annual research turnover of 840,000 to the 
second largest independent research organization m 
the United States with a staff of 640 and an annual 
research turnover exceeding (4*000,000 w dollar 
value 


Industry's recognition of science as a vital com¬ 
petitive aid, a method of avoiding obsolescence and 
a vital mean* of solving technological problems, is an 
economic phenomenon of the twentieth century 
The value of applied research, properly directed 
with its results wisely and appropriately used, is well 
recognized m today’s highly industrialized and 
increasingly scientific society Many companies 
that support their own research laboratories have 
found it more economical and productive to 
assign certain projects to independent research 
organizations Through Armour and similar 
organizations they can rent the services of trained 
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mvesdgaton for limited periods with specific 
objectives and specified budgets under stnct 
contractual control 

Moreover, they can get a new approach to their 
various technological problems, uninterrupted 
attention by research workers not harrassed by day 
to day production problems, and the use of a great 
stock erf* intricate and expensive equipment not 
available in their own la bora tones and uneconomical 
to acquire for limited short range use 

Armour Research Foundation is one of approxi¬ 
mately lao independent research organizations 
formed in various sections of the United States 
dunng the past few years Reasons for their 
existence and services are similar, although they 
vary in size, specialize in problems particular to a 
certain section of the country, or emphasize one 
field of science and engineering over others Armour’s 
only endowment is the vast industrial strengdi of 
the United States with its many firms whose manage? 
menu believe in development and p ro g r ess and 
recognize that research is a path leading to growth 
and prosperity In 12 yean the Foundation has 
served more than 2,200 sponsors as its staff has 
expanded and 1U capacity increased 
The Foundation is a separate corporation with its 
physical facilities located at Technology Center on 
the near south side of Chicago Technology Center 
11 the name given to a geographical area which 
includes, in addition to the Foundation, Illinois 
Institute of Technology, one of the nation's leading 
establishments in technological education and 
research The Foundation, the College, the affiliated 
Institute of Gas Technology, and the Association 
of American Railroads, now constructing a research 
laboratory, are developing a 110 acre area mto 
one of the world's soun n» of higher education and 
fundamental and applied research The joint 
objective of the units at Technology Center 11 service 
to industry in and nui Chicago and throughout 
the entire nation That these objectives are being 
widrly mognued u evidenced by the increasing 
growth of Technology Center 
As a public service institution devoted to applied 
research, the Foundation lists among 1U objectives 
those common to industrial, governmental, and 
public service research 

to anticipate and prevent trouble, cure existing 
troubles or nuisances, reduce the cost of products, 
increase the utility of products, reduce consumers' 
operating or maintenance costs develop new processes, 
products, or materials, improve the quality of existing 
materials and products, obtain better standardisation, 
smsa technical information leading to a better under¬ 
standing of a product, aid national defence and promote 
the general welfare, develop natural resources, perform 
public service research, and contribute to the common 
■tore of general technological knowledge 


In order to a Haiti these objectives the Foundation 
maintains three ms^or divisions Research, 
International, and Magnetic Recorder 

RESEARCH DIVISION 

The mission of the Research Division is watchful 
attention to the primary work of the Foundation 
providing high quality research This division 
consists of six departments, each organized mto 
sections Small groups within each section are 
assigned to specific projects Supplementing the 
technical staff erf* 411 persons, who are at present 
working on 125 active projects, is a service group 
of 70 staff members whose specialities include 
drafting, carpentering, gl&ablowing, designing, 
instrument making, and related services 
The six departments performing research 
are Physics, Metals, Chemistry and Chemical 
Engineering, Applied Mechanics, Electrical 
Engineering, and Ceramics and Minerals An 
indication of the varied types of research projects 
is evident from the following list of se ction s in each 
department 

Physics — Light and Optics, High Pressure, Physics 
of Solids, Electricity and Magnetism, and Acoustics 
and Vibrations , 

Metals — Heat Treating and Powder Metallurgy, 
Non-Ferrous Metals and Welding, Fenpus Metals, 
Foundry Process, Abrasion, Electrochemistry, and 
Extraction Metallurgy, 

Chemistry and Chemical Engineering — Chemical 
Engineering, Physical Chemistry, Plastics, Bio¬ 
chemistry, Organic Chemistry, and Analytical 
Chemistry , 

Appiud Mechanics — Structures and Materials 
Group, Mechanisms, Propulsion, Fluid Mechanics 
and Thermodynamics, Mechanics Instrumentation, 
a Special Analysis Group, and Engine and Lubricant 
Research , 

Electrical Engineering — Electrical Machines and 
Devices and two "Electronics Sections , 

Ceramics and Minerals — Ceramics, Masonry 
Materials, Minerals, and Inorganic Technology 
More than 110 industrial organizations and 
20 government agencies sponsored research pro¬ 
grammes at Armour in 1948, and each sponsor 
received direct reports and service devoted exclusively 
to hu problems Quite often Foundation personnel 
conduct research m the sponsor’s own plant. 
Industrial research projects make up the bulk of 
the work at the Foundation. Since many projects 
undertaken by the Research Division are confidential 
in nature or highly specialized, only a few repre¬ 
sentative projects in each of the sir departments are 
described below 
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Applied Mechanics —Projects undertaken by this 
department for the Army Ordnance Department 
include the development of automatic aircraft 
machine guns, air-to-air rockets, improved means 
of artillery ammunition propulsion and investigations 
of interior ballistics on rccoilless rifles, stresses in 
steel shoes of track-laying vehicles, and nozzle 
erosion A recent survey report on railway car 
designs resulted in research on a sponsored basis 

Ceramics and Minerals — This department has 
devised a simple means of eliminating carbon 
dioxide from sea water which may control the 
deposition of scale in sea water evaporators Since 
Foundation research indicated that the carbon 
dioxide-carbonate balance affected this deposition, 
projected full scale tests have been planned by the 
U b Coast Guard Development of refractories, an 
adherence test for porcelain enamel, and a better 
scouring cleanser have been other projects of this 
department Attention has been aroused recently 
in potential markets for sodium fluosiheate A study 
of the chemical indicates that it may be an effective 
fungicide, bactericide and mineralizer 

Chemistry and Chemical Engineering — In an attempt 
to combat turbine blade deposits, chemical engineers 
arc searching for a metallic surface to which silicious 
deposits will not adhere A rapid method of drying 
decal comania inks, an instrument for measuring the 
glossiness of tooth surfaces m the mouth by means of 
the ratio of specular to diffuse reflet tivity, and 
methods of identifying lubricating oil and its location 
by uilra-rcd absorption and rcfractivity intercept are 
all developments of the department 

Electrical Engineering — An improved electronic 
blanket control and electrical specification for 
satisfactory copper wire connectors are typical 
projects in the industrial field kor the \rmy the 
electrical engineers have built a mobile oscillographic 
laboratory, consisting of a large trailer truck housing 
84 channels of recording equipment for pressure, 
velocity, acceleration, and time 

Metals —A counter-gravity casting process, with 
pdot plant equipment, was worked out m the new 
building housing this department A magneto- 
stnctive oscillator operating at one megacycle per 
second has been developed which 11 considered 
comparable to commercial quartz oscillators 
operating over a temperature range, and in one 
laboratory means of producing wire m diameters of 
the order of io _i m (2 54 X io' f cm) are being inves¬ 
tigated Of considerable current interest is an ex¬ 
tensive research programme directed towards the 
extraction and application of titanium metal 

Physics —It n in this department that magnetic 
recording research a conducted, along with many 


other projects One project has been the develop¬ 
ment of multi-channel recording equipment pro¬ 
viding for the simultaneous recording of as many 
as 300 pieces of information Laboratory methods 
for the production of imbibition colour prints have 
been improved, and high fidelity reproductions have 
found a variety of uses Noise reduction activity 
has included the quieting of calculating machines 
and a large engine development laboratory 

INTERNATIONAL DIVISION 

The International Division of the Foundation 
undertakes to provide for other countries the same 
impartial, non-profit, non-political industrial research 
available m the United States The value of this 
international research has been demonstrated m the 
creation of new sources of dollar exchange, discovery 
of undeveloped natural resources, selection of sound 
industries, encouragement of investment, training of 
technical personnel in various countries, and the 
establishment of applied research facilities 

President Truman’s inaugural address included a 
refer en ce to the technological development of other 
countries, a 4 bold new plan' to which United States 
scientists and engineers have been giving a great deal 
of attention Armour Research Foundation pioneered 
in the international field with a technological and 
economic survey of Argentina in 1942 Two years 
later, the Armour Plan was extended to Mexico with 
a nation-wide technological audit organized and 
conducted jointly by United States and Mexican 
technologists with headquarters in Mexico City 

Laboratory research and development programmes 
weir then started on cascalote tannin, domestic oils 
for leather, henequen, and other native products 
As projects have been completed, additional ones 
have been started under the continued sponsorship 
of the Banco de Mexico These include a new 
tortilla flour, survey of fluorspar resources, utilization 
of meat by-products, and investigations of vegetable 
oils In 1945 the Foundation organized the Mexican- 
Amencan Conference on Industrial Research, at 
which mutual problems of technological development 
were discussed 

The division was formally established in 1947, 
and plans for further research in Mexico and other 
countries, such as Haiti and Puerto Rico, are going 
forward A new laboratory building was completed 
recently in Mexico City with fully equipped 
laboratories, a zoo kva electric power substation, an 
overhead crane, a steam boiler, a variety of pilot 
plant equipment, technical library and offices 

When full plant facilities are installed to handle 
the new products developed in Mexico, the value of 
new exports to known markets in the U S A will 
provide dollar exchange annually equal to 60 times 
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the total cost since 1944 These are early results 
and do not take into account the contributions of 
training acquired by Mexican engineers 

MAGNETIC RECORDER DIVISION 

The third major unit of the Research Foundation is 
the Magnetic Recorder Division* which directs the 
research programme on magnetic recording* handies 
the commercial aspects of the licensing programme* 
and provides a technical service to licensed The 
magnetic wire recorder 11 one of the most valuable 
developments to come from the laboratories of the 
Foundation About 1940 a radically unproved form 
of magnetic recording was introduced, and the re¬ 
sulting commercial product has made an industry 

An improved magnetic powder suitable for coating 
paper or plastic tape, a new application of magnetic 
recording known as * stereophonic * or three 
dimensional sound, a method of putting sound on 
8 mm motion picture film easy enough for any 
amateur hobbyist, and improved recording heads 
are recent developments to come from this division 
At present 44 domestic companies and 12 foreign 
concerns are licensed to manufacture magnetic 
equipment patented by the Foundation Many tech¬ 
nical articles on magnetic recording have been written 
by Foundation personnel and widely distributed 

PUBLIC! 8RRV1CE ACTIVITIES 
An example of this type of activity is the National 
Registry of Rare Chemicals, to widely known 
information service for scientists seeking rare com¬ 
pounds The registry has been in service for seven 
yean and lists a total of 14,000 compounds In 1948 
6,500 requests for information were received 

As a public service to the citizens of Chicago, the 
Foundation provides a monthly analysis of dustfall 
at 24 sampling stations m the city 

Armour cooperated in developing a standardized 
reproducible method of destroying red cells in blood 
to produce uraemia in dogs and help evaluate 
remedial treatment for shock, severe bums, and 
related disorders 

The Foundation is nearing completion of early 
phases of one year’s survey of city noises in Chicago 
Held studies were conducted to determine what 
noises may be expected at certain sites at certain 
times or seasons Noise in different frequency 
bands, and daily and annual variations of total 
intensity have been measured The survey has 
included a study of noise of vanoui means of trans¬ 
port such as subway, street car, bus, and suburban 
trains together with comparative studies of industrial 
and residential areas Expected to be of world-wide 
use* the data may be helpful in writing city codes 
based on the criteria determined in the survey 


The Ohmite laboratory of precision electrical 
measurements, a precision mechanical measurements 
laboratory, and an engine research laboratory for 
standardized engine and lubricant tests are all 
devoted to giving industry precise impartial infor¬ 
mation on the size or performance of their products 

Several conferences and symposia on technical 
subjects are sponsored by the Foundation each year. 
A symposium on fine particles, a conference on 
industrial research attended by both busmen men 
and scientists, and other meetings should prove of 
ultimate value to the public 

FOUNDATION SPONSORED PROJECTS 
The mmintrnnnrj* of a fundamental research 
programme 11 recognized as important for the 
professional development of staff members and 
possible applications of the knowledge to future 
problems In 1948 the Foundation sponsored 44 
such projects out of general funds of the organization 
High-dielectric cements, boron applications, fluid 
flow and heat transfer m roughened pipes, high pres¬ 
sure research, chemical analysis by nuclear resonance, 
and transients of loudspeakers have been investigated 

A machine was developed which simulates service 
conditions involving abrasion and allows evaluations 
m only a few minute* instead of the months required 
m service This project was originally undertaken 
by the Foundation for subsequent industrial sponsor¬ 
ship Another project involved the application of 
moulded fibres to furniture making A resin 
impregnated pulp preform, made by contour felting 
techniques, was demonstrated in a pilot plant 
financed by the Foundation to have good economic 
and service poMibihties for one-piecc furniture 

In any type of research in which the Foundation 
engages, certain criteria must be met if a project is 
accepted It must be in the public interest, 
Foundation specialists must feel that they can make 
a definite contribution, and the project must not 
conflict with others already under way 

The Foundation’s chief concern at all times is 
the ultimate value to the democratic society which 
supports it and in which it operates Like any 
self-supporting organization functioning m a free 
economy, the Foundation relies for its support, its 
growth, and its final survival upon service to and 
acceptance by the public 

Industrial research today, properly conducted and 
wisely administered in the public interest, means 
better products, more conveniences, and greater 
etyoyment for afl in the world of t omor row As a 
progrcative organization with a dynamic staff, 
Armour Research Foundation is helping to pave the 
road to a better tomorrow for alL 
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Miscellaneous Notes 


THE ROYAL SOCIETY 

Officers and Council for 1950 have been elected 
as follows . 

President Sir Robert Robinson 

Treasurer Sir Thomas Merton 

Secretaries Sir Edward Salisbury 

Sir David Brunt 

Foreign Secretary Professor E D Adrian 

Other Members qf Council —Brigadier R A Bagnold, 
Professor G L Brown, Professor H Davenport, 
Professor F G Gregory, Sir Cyril Hinshelwood, 
Professor R P Lins trad, Professor G F Marrian, 
Professor H S W Mahsfy, Professor F E Simon, 
Sir William Stanifr, Sir Georoe Thomson, Dr H G 
Thornton, Professor C E Silley, Dr F M R 
Walshe, Dr V B Wioolesworth, Professor S 
ZuCEERMAN 

university appointments 

Birmingham — Two new Professorships have been 
created in metallurgy Dr A H Cottrell will be 
the first Professor of Physical Metallurgy and Dr 
G V Raynor will be the first occupant of the 
Chair of Metal Physics 

Glasgow — The newly founded Chair of Aeronautics 
and Fluid Mechanics will be occupied by Professor 
W J Dungan 

London — Dr S Devons has been appointed to the 
recently instituted University Chair of Physics 
tenable at the Imperial College of Science and 
Technology from i January 

Dr W H Hughes has been appointed to the 
University Readership in Bacteriology tenable at 
St Mary’s Hospital Medical School as from 
i October 1949 

At University College, the title of Reader has 
been conferred on the following Dr E H S 
Burhop Mathematics, Dr F N David 
Statistics, Dr L M Kerby Biochemistry, 
H Kestelman Mathematics 

Sheffield —The following have been appointed to 
Readerships in their respective subjects Dr 
A S C Lawrence Colloid Chemistrv , DrT S 
Stevens Organic Chemistry 

ROYAL SOCIETY GRANT 

The Council of the Royal Society has made a grant 
of £i'Ooo towards the establishment of a Great 
Barrier Reef Marine Biological Station probably on 
Heron Island This grant is being made from a fund 
left to the Society by the late E T Browne to aid 
iliannc expeditions and marine biological research 


AWARDS 

J Lawrence Smith Medal — The National Academy of 
Sciences of the United States has awarded the 
J Lawrence Smith Medal for Research on Meteors 
to Dr F I Whipple, Harvard Observatory 
American Chtmical Society — T he award in Pure 
Chemistry for 1949 has been made to Professor V 
Schomakba, California Institute of Technology 

INSTITUTE OF BIOLOGY 

The following have agtecd to join the provisional 
council of the proposed Institute of Biology under 
the Chairmanship of Dr E Hindle Professor F 
Ashby, Professor T A Bbnnet-Glark, Professor G E 
Blackman, L J T Brimblb, Professor J T Danielli, 
Dr D G Davey, Captain C Diver, Dr J W Fvans, 
Professor W Graham, Professor J Gray, Professor A 
Had now, Dr J Hammond, Dr C Horton-Smith, Pro¬ 
fessor W H Pearsall, N W Piiue, Dr F S Russfil 

Further particulars of the proposed Institute may 
be obtained from the Assistant Secretary, Dr R J C 
Harris, at the temporary offices, Chester Beatty 
Research Institute, Royal Cancer Hospital, frulham 
Rood, London, S W 3 

THE BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

The 1950 meeting will be held in Birmingham from 
30 August to 6 September The President will be 
Sir Harold Hartley , the General Treasurer, 
M G Bennftt , General Secretaries, Dr h Hindis 
and Sir Richard Southweu • 

METALLURC ICAI RESEARCH OOUNCIl 

Professor A J Murphy will be the new C hairman of 
the Inter Services Metallurgical Research Council 
He succeeds Professor l Ajtchbon who has resigned 
owing to illness but who will remain on the Council 

COMINO EVENTS 

Conference on Industrial and Sqfety Problems of Nuclear 
Technology New York, 10-12 January 

International Technical Radio Components , Accessories and 
Radio-electric Measuring Instruments Exhibition, Pans, 
3-7 February 

30th International Agricultural Machinery Exhibition, 
Brussels, 12-19 February 

International Automobile Exhibition, Copenhagen, 24 
February-19 March 

Danish Industrial Exhibition, Copenhagen, 17-26 March 

International Corrfcrtnre on the Properties of Sew-con fueling 
Materials, Reading, 10-15 July 




New Books 


Metallic Creep and Creep Resistant Alloys 

A H SULLY 

(xu -f aj8pp, 138 illus, sj tabUs, 8\in by 5$m) 
London Buttmvorthi Scientific Publications Ltd, 1949 
251 net 

The development to their present level of perform¬ 
ance of gas turbine engines for aircraft would not 
have been possible without the simultaneous develop¬ 
ment of alloys capable of withstanding high stresses 
at high temperatures failure under these conditions 
is generally a result of 1 creep that 11, gradual 
progressive yielding under a stress that is not high 
enough to cause immediate fracture 

The appearance of A H Sully’s book on creep 
is particularly timely, and will be welcomed by many 
who are interested in creep, whether from an 
engineer's point of view or because they are engaged 
w research on metals The author has attempted, 
with outstanding success, to cover the whole subject 
of the creep of metals Starting with an introduction 
m which creep is defined as * the time dependent part 
of the defoimation which accompanies the application 
of a stress to a solid *, and in which the history of the 
subject is briefly reviewed, Dr Sully continues with a 
detailed discussion of the various methods of creep 
testing, including some specialized types 
The results of characteristic creep tests are then 
reviewed and it is refreshing to observe that the 
importance of Andrade's classical work on the creep 
of metals under constant stress u recognized The 
vexed question of the prediction of creep properties 
is discussed, not only in terms of the practical study 
of creep but also in relation to the much more funda¬ 
mental outlook developed by Andrade 

A long chapter is then devoted to the theory of 
creep This 11 an up to date discussion of the current 
theoretical ideas on plastic deformation m which 
use is made when necessary of mathematical methods 
of expression Dr Sully obs« rves that the theory has 
not yet reached the stage of predicting the behaviour 
of a metal or alloy from its simple physical properties , 
he points out that many metallurgical factors in¬ 
fluence the creep of an allov and discusses the effects 
which are significant 

The remainder of the book is devoted to a descrip¬ 
tion of the creep properties of a wide variety of alloys, 
both ferrous and non-ferrous, and to a discussion of 
the possibilities of a number of types of alloy that 
have not been developed so far This discussion, 
which is based on the author's wide experience in 
4 high temperature alloy ' research, shows how the 
accepted generalizations might be applied to the 
development of new alloys 

The book is excellently produced and will, without 


doubt, become an indispensable r efe r en ce book on the 
subject The reviewer has only one criticism , is it 
necessary to follow so meticulously the practice of 
giving all measurements and temperatures m English 
and metric units 7 Where exact dimensions are given, 
the conversions are useful, but where approxima¬ 
tions occur perhaps it would be less irritating to the 
reader if the equivalents were omitted 

B Chalmers 

Gmelin Handbuch der Anorgamschen 
Chcmie 

Eighth tdition Edited by e h b piet&gh 
No 18 Antimony, 

Part Ba (xk/+ 129-496pp, 49 illus, so in by 6J in) 
Part B3 (xxt^xvt ^497-564pp 3 4tllus) 

No 68 Platinum, Part A5 (uu \ 533-7 t8pp, 6/ illus) 
Glausthal-ZcUcrfcld Gmelin Vcrlag GmbH 1949 
DM 83 60, 24 75 and 43 00 respectively 

The tditor and staff of Gmelin are to be congratu¬ 
lated on the appearance of three further volumes 
The first completes the account of the physical and 
electrochemical properties of antimony, deals in 
detail with its detection and estimation and covers 
in part the chemistry of antimony compounds The 
latter include those with hydrogen, oxygen, nitrogen 
and the halogens In the second volume antimony 
compounds with sulphur and other non-metalhc 
elements are described The third volume is more 
specialized and deals with the alloys formed by 
ruthenium, rhodium and palladium 

It is difficult to overstate the value of this work to 
chemists throughout the world Its reputation for 
completeness and accuracy and, above all, for a 
critical assessment of facts and data has always been 
high That this standard should have been fully 
maintained in post war volume* produced under 
difficulties of all kinds merits the highest prauc Such 
an achievement would be possible only when each 
branch of the subject is dealt with fay a group of 
experts impelled by a sense of devotion to their task 
There are many who believe that in the years ahead 
inorganic chemistry will become more and more 
closely associated with physical chemistry and that, 
together, the two subjects will increase greatly in 
importance This handbook emphasizes the need for 
such a marriage of the two branches of chemistry for 
m its pages physics, physical chemistry and purely 
deKnptive inorganic chemistry have equal places 
Many volumes remain to be published and will be 
eagerly awaited It is to be hoped that this task may 
be completed rapidly, at least as far as the chief 
outstanding elements are concerned, and that in¬ 
creased sales may make possible a reduction in the 
rather high idling price h. J EtmAvi 
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Lighting Technique 

B V FEDOROV 

Trans laudfrom th $ Russian bjw r stoker with 
additional ssctums on Jheonsunt lighting by w t o'dea 
{300pp. iritUus , 8 { t * by 5$ in) 

London Hutchinson's Scientific and Technical 
Publications, 1949 ay net 

This u a tiaruLation of a Russian textbook for 
engineering students It sets out to teach the funda¬ 
mentals of the subject, and in some respects it u 
successful, the student who follows the rhapten on 
fundamental concepts, light sources and methods of 
calculation, particularly if he works out the examples, 
will have acquired a facility in manipulating the 
quantities used in illuminating engineering The 
book suffers, however, in its academic approach , 
the reader can hardly escape the impression that the 
authors are more at home m the classroom than in the 
practice of lighting The translator is evidently 
unacquainted with the practice of illuminating eng¬ 
ineering, with the result that he uses unfamiliar 
expressions where well established English terms 
exist, which is irritating and sometimes confusing 
Something more than an understanding of the 
language is needed to make a good translation, and 
the translator has evidently experienced the difficulty 
of escaping from the net of foreign constructions 
which have brought him to such phnuea as 4 This 
kind of lighting is quite impermissible whatever the 
value of illumination is set up * The reader familiar 
with British terminology would probably be puzzled 
by 4 angular coefficients ' and 1 reserve factor 1 and 
would be confused by such statements as 4 1 he 
light cjficwuy is the ratio of the luminous flux expressed 
in light watts to the total radiant flux of the radiation 
exprened in watts * and 4 The luminous output is the 
ratio of the luminous flux expressed in lumens to the 
total radiant flux of the radiation expressed in watts * 
—particularly as the term * light efficiency ' is used 
frequently a few pages later to mean something else 
The book is so confined to Russian practice and 
thought that its value outside Russia is limited 

The discussion of units and quantities and methods 
of calculation is, however, thorough and consistent, 
which in the confusion of illumination quantities is 
something of an achievement Metric quantities are 
used throughout The author starts logically with 
luminous flux as the basic quantity, and in ha 
discussion of the calculation of illumination he uses 
some elegant theorems not often given in textbooks 
Reference to the Isocandle diagram 11 curiously 
omitted The section on 1 The Lighting of Rooms 
and Workplaces* is mainly concerned with the 
Soviet regulations for illumination, tatounting height 
and so forth and the calculations involved The 


author is unfamiliar with other recommendations, 
and the levels recommended are low by our standards 
The section on outdoor lighting deals with lighting of 
outdoor workplaces, railway yards, substations, 
streets and squares, giving the Russian official recom¬ 
mendations A tremendous formula is given for 
calculating the height of projectors in railway yard 
lighting which is incomprehensible as printed , but 
in the next paragraph it is explained that standard 
heights are used Street lighting is treated on the 
basis of illumination A chapter on A R P lighting 
completes the text 

The senes of 18 pages of exercises which follow is 
to be commended, and the student who works 
through them conscientiously will find that they 
clarify the text considerably Tables of data are 
given, of vaned usefulness , appendix q giving the 
theoretical basis of utilization coefficients, 11 pages 
long, would have been much more useful if given in 
the more usual form, and the student will probably 
use appendix 1 o for quick reference rather than work 
out utilization coefficients in detail Appendix 4 gives 
details of some popular Russian lighting fittings, but 
the polar curves shown bear little relation to the form 
of the fitting or to the tabulated values in appendix 5 

W T O’Dea contributes some short sections on 
discharge and fluorescent lamps and their use 

There are no photographic illustrations, the 
bibliography contains nine references, seven of which 
are Russian and the other two, both American, are 
dated 1934 and 1036 respectively There are no 
references to papers, which is a pity, since the book 
makes some interesting ascriptions such as the first 
arc lamp to Petrov (1802), six years before Davy, 
and the filament lamp to Goebel (1854), which it 
would be interesting to verify Several misprints 
occur, particularly in the mathematics, which 
would be improved if symbols were printed m italics 

J M Waldram 

Citrus Products Chemit al Composition 
and Chemical Technology 

J B S BRAVE RICAN 

(xuH 424 ppt 106 dlus> 0$ u» by 6 m) 

New York Iatencience Publishers Inc , 1949 $9 00 
London Intenocnce Publishers Ltd, 1949 7 as 

An interesting book, bringing up to date the newer 
knowledge of the citrus industry, an industry of 
increasing importance to the economy of various 
parti of the world and particularly perhaps to Israel 
The sub-tide includes 4 Chemical Composition *, and 
it appears that the author has been at pains to cull 
from the chemical literature some of the latest 
theories on the structure of the various entities found 
m citrus fruits These dwertations, which occupy 
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some 166 of the 400 page* of the book, do not appear 
to be integral to the subject and would only be of 
value to students denied a wider source of study and 
of reference 

It is not neceaary to detail the various chapters 
nor to define the scope for, from the technological 
angle, the work u very full and covers every phase of 
the industry, and covers it very adequately More¬ 
over, the author has succeeded in including the 
newer knowledge 

A full bibliography adds to the value of the book, 
which is well printed and free from gross errors, 
although there are some examples of looseness of 
expression c g a refrac tome ter does not measure total 
solids but soluble solids 

It is a useful book to anyone interested in the 
technology of citrus products 

L H Lampitt 

Books to Come 

Be«timmte Integrate w orobner and n hofreiter 

(30 a *r cm) Vienna Springer Verlag 


Structure of Molecules y k byrun and u E. 
dyatkina Translated and partly revised by d o. 

Jordan and u a partridge (c 56b pp, c So dims, 
royal 800 ) London Butterworths Scientific Publi¬ 
cations Ltd c 39s 6 d 

Technique of Organic Chemistry, Vol I Edited by 
a websberokr Part I (1J0S4 pp , 395 tilt ts, 33 
tables, q in by 6 in) Part II (7,04/ pp, 355 tUus 
64 tables) New York and London Intcncience 
Publishers Inc $/f 50 or £5 each 
Genes, Plants and People c d darunoton and 
x MATHER (tUus, demy 600) London George Allen 
and llnwin Ltd cys6d net 
Elements of Internal Combustion Turbine Theory. 
h t ADAMS (xu+iySpp, 19 $ Ulus, 3 charts, deny 800) 
London Cambridge University Press 16s net 
Zahlentheone h hasse (j m-+f?opp) Leipzig: 

Akademie Verlag DM4400 
Gesammelte mathematische Abhandlungen von Lud¬ 
wig Schl&fli (1814-1895) I {jga pp) Basel Ver¬ 
lag Birkhlusser S Ft 44 OO 
Radiauve Transfer s Chandrasekhar (400 pp, 33 
illus , royal 8oo ) Oxford Clarendon Press c 35s net 


Forum: Defence Services Research Facilities 


In many fields of scientific work the Defence Services 
possess equipment, knowledge and personnel which, 
if available, might be used to help scientific researches 
unconnected with any Service objective In some 
cases facilities of this kind have been provided for 
several years In 1948 the Defence Services Research 
Facilities Committee was set up by the Royal Society, 
not, as some have supposed, to offer scientific help 
to the Services but to enlist the help of the Services 
on behalf of scientific workers The terms of reference 
of the Committee are 

To consider proposals for the use of Service facilities and 
personnel for assisting scientific research and to make 
recommendations to the Council of the Royal Society, the 
Lords Commissioners of the Admiralty, the Army Council, 
the Air Council and the Minister of Supply 

To give an idea of the facilities which the Com¬ 
mittee hoped would be available, the subjects dealt 
with by the hve panels which were established to 
consider applications for help are listed below 

Panel A Submarine Gra\ lty Measurements 
11 B Surplus Explosives 
11 C Magnetic Survey 
„ D Aerial Photography 
„ E Scientific Expeditions 

The Defence Services have been most cooperative 
The following instances illustrate the scope of the help 
which they have already given 

The Admiralty provided a submarine on two occasions 
for gravity observations at sea 


Two flights were made in Sunderland flying boats of 
Coastal Command to observe the breeding grounds of 
seals and seabirds 

The cooperation of the Ministry of Supply was obtained 
in the development of an airborne magnetometer 
The War Office lent equipment to a geological expedition, 
to Spitsbergen 

The Air Ministry provided a helicopter fitted with a large- 
net for collecting insects 

1 he Admiralty agreed to lend a kite balloon and personnel 
for research on the feeding habits of swifts 
The Air Ministry agreed to provide photographic cover 
for an archaeological expedition to Tnpohtanuu 
Arrangements were made for the R A F to fly photo¬ 
graphic plates at high altitudes in connection with 
cosmic ray research 

The International Committee for Bird Preservation 
borrowed from the Air Ministry ux cameras for use 
in a wildfowl census , 

The Air Ministry has supplied a considerable number of 
aerial photographs of specific areas required by 
scientists from tune to time 

Scientists wishing to submit proposals for considera¬ 
tion by the Committee should communicate their 
suggestions w the first instance to the Assistant 
Secretary of the Royal Society, Burlington House, 
London, W x 

G I Taylor 

Royal Society Chairman of the Defence Services 

Burlington House Research Facilities Committee of 
London, W t the Royal Society 
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Use of Inequalities in Polymer Research 

G HCRDAN, DH,MSr,PhD 

The differences between molecular weight averages of polymers obtained by different methods of 
determination are interpreted in terms of inequalities, and the relationship between these inequalities 
and the degree of pdydispersity is shown Thts leads to identification of three important empirical 
relations between such averages os three fundamental algebraic inequalities (first section) It is 
shown how to calculate directly , without any assumptions about the distribution law, the standard 
demotion , and the higher characteristic parameters , of the distribution of molecular weightsfrom a 
knowledge of averages of different order by utilizing certain relations between them Knowing 
the mean and the standard deviation , we are in a position to estimate the general outline of the 
distribution curve by applying a certain statistical inequality (second section) In order to 
obtain a 4 best fitting ’ curve to the distribution of macromolecules , without assumptions about the 
law governing such distributions, use is made of inequalities between certain parameters which 
characterize the polydxsperse substance and those which would obtain from a normal distribution 
{third section) Numerical illustrations are given for all methods developed in the paper 


INEQUALITIES BETWEEN AVE&AQEI AND 
THEIR RELATION TO POI YDISPERSITY 

The molecular weight of a polymer as obtained by 
one or another method of determination is an average 
molecular weight, the strurture of which differs 
according to the method of determination 1 What 
follows u a short survey oi the types of averages 
arising in polymer investigations, and of th< 
relationships subsisting between them 

Notation — Let M, stand for the molecular wt ight 
of the molecular species i, and n ( for the numtx r of 
molerulc* of weight M t , lurthermore, let 

Xu, — N the total number of molecules in the 
sample 

n t M, tr~ the weight of the species M t 
= G the total weight of the sample 
gJG - /, the weight frac lion of M x 
Sy, ~ l 

The distribution of the total number of molecules 
with regard to molecular weight M, is called the 
Number distribution, and that of the total weight 
with regard to molecular weight M t the Weight 
distribution Their respective arithmetic means are 

Number average M m — YiM % nJN 

Weight average M w -» EM&JG — 

The arithmetic mean is often described as the first 
moment of the distribution about zero and, as such, 
is the first in the senes of moments which characterize 
the distribution It is thus only a special class of 
average xnz the average of Af, to the first power 
Instead, we may have 


Number distribution Weight dutnbution 


*t l l ffli - jq 

jq 

1 J SA/fa, 

jq 

and, generally*, 

nPr if*T xf 


u Ml uOl — 




' G ~ 

XMU, 






, VM’g, 


where p\, //*, m', are called itansucal moments 

of the variable M, about the origin, fi\ being the 
first, p A the second, fi r the nh moment* To 

eat h moment belongs an * average ’ of corresponding 
order a,, being the rth root of the rth moment 

If, instead of the absolute value M % of the variable, 
the deviations m l from the arithmetic mean are used 
in the above formulae, then 




■*“ JV 

G 


2«?r. 

«*- JV 

- 6 

'Lrrffl, 


JV 

■*“ 6 


represent the first, second rth moment about 

the mean 

* rhe quimiua n* will bo written without ihe left hand subscript 
where there a no riik or confuooii 
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o hfrdan Use of Inequalities in Polymer Research 


rhe second moment about the mean u of special 
interest, since it represents the standard measure for 
dispersion 1 o obtain it, the square of the authmetic 
mean is subtracted from tht second moment about 
zero, the result being the squared Standard 
Deviation 

Number distribution oj — — AfJ 

Weight distribution <tJ - j — M\ 

<0 

As regards the relationships between moments of 
different order, it can be shown that 

a % an( l 

and, generally, that the rth root of the rtli moment 
about zero is equal or greater than the (r -- i)th 
root of the (r — i)th moment about zero, for all r's J 
These mi qualities become cquahtus when all the 
values of the \anable arc equal The mote, on the 
other hand, the measurements deviate among them¬ 
selves, the greater will the uicquahty be It may, 
therefore, serve as a measure of polydispersity 

The avtiage molecular weight 

M w — TtMigjG = EAf/n./EA/.n, 
appe art to be the ratio of two moments (averages) of 
the number distribution viz Similarly, the 

Z average 

- EA/fo/EA/,*, - EA/fo/EAffo 
appears to be the ratio of two moments (averages) 
ot the weight distribution or °1 the numbir 

distribution Hus applies to all the higher 

order averages Af €+1 , Af^ +1 etc 

As is well known, the ratios MJM uy MJM W 
afford a measure of the degree of polydispersity•• * 
Written explicitly as 

M w EAffo En, Af EA/fr, E«, 

Af, " (LM t n t y anCl M m “ (EAf,*,)* 

they are recognized as special cases of the Cauchy 
uicquality* 

(&>•>■ < (9) 

1 1 1 

with 

a. = MJn\, b, = nj 

for the number, and a t — Mjz\, b t — g t lor the 
weight distribution In its integral form 

jy<U jdx 
(jy *)* 

this inequality is often referred to as the Schwarz 
inequality* 

It u because the ratios between the molecular 
weight averages conform to the Cauchy inequality 
that they afford measures of the polydispersity 
Thu then u the theoretical basis of the empirical 


finding of Af„ ^ M w in the case of poly¬ 

dispersity Again, these mcquahties become equalities 
when all the values of the variable are the same e g 
if the substance were homogeneous with regard to 
molecular size On the other hand, it become.s more 
marked as the diversity increases 

Since the best quantitative measure for poly¬ 
dispersity is the standard deviation, it would be of 
great value to know the relation between the Cauchy 
inequality MJM n or MJM W and the standard 
deviation This can be done without any assumption 
as to the form of the distribution curve, as shown 
for equations ga, gb where we obtain 

or„ =- (M w M m — AfJ) 1 for the number distribution and 
(J w — {M z Af w — A/j)* for the weight distribution 


The higher terms in the expression for Hcjx 
according to Debye’s formula for the dependence of 
the molecular weight of a polymer upon the turbidity 
of a polymer solution T »" contain the quantities 

SACr, . EAfJy, 
amI a Ai, y ,y 

Wnting them as 

2A/JV, _ ZMfaCZe,)* _ 2a 

(2vw,y,) J (Ltf* yu, ~ (2AU)* 

and 

ZM!y, 1W?a(2a)• _ 2A/?a(2a)» 

(2,M.y,y (2 Ma,y 2a " (2Af A )» 

< 3 ) 

the lirst is recognized as a special case of the Cauchy 
inequality and the second as an example of the more 
general Holdt r inequality* 

= (£ 0 * m:) 11 ' ( 4 ) 


for r ^ 1 and 1/r | l/r' — 1 with a x — Af l |» 1/B , 
b t — g 1 * 1 , r - J, / - 3/2 T his applies similarly 
to the higher terms m the expression for Hcjx 

The relation between this inequality for r > 2 
and the standard deviation of the weight distribution 
of molecular weights a w u given 1 * by 


2AfJy, 

{ZKv.Y 


> (1 + o'JMl)'- 1 


( 5 ) 


1 he re fore 


(2A/,y,)^ *» 


Ml- M* 


Wnting ft, for the rth moment of the weight 
dutnbution EA/Jy,, the inequality can be expressed as 


^ pttfir i) Ml ~ Ml* 



(6) 
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This u the generalization of the expression for the 
equality oi — M^M m — Ml> given above Simi¬ 
larly for the number and z distributions 

In Svedberg’s formula for the molecular weight 
M y =■ const s t (D t 

appears as a function of the sedimentation and 
diffusion constants f, and D t Since 1, and D t differ 
from one molecular species to another depending, 
as they do, upon the sue of the macromolecules and 
since the molet ular wnght of a polymer is an average 
molecular weight, M could be calculated as being 
propoitional to the average of all the ratios s t /D lf 
say (sJD x ), in the polymer But the actual 
mathematical procedure u different the averages 
s and D are substituted in the above formula and 
the average molecular weight Af is calculated, not 
as being proportional to the average of the ratio sjD lf 
but to the ratio of the two averages i/D 

Remembering now that and D t themselves may 
be averaged in different ways, yielding cither the 
number, weight or z averages, to name only these 
threr types, and may thus enter the formula as 
s * \ and it & dear that M will be 

neither a pure number, weight, nor z average, but 
proportional to the ratio of any two such averages 
As symbol for this type of composite average, we 
use M jk where 7^/7, w t z -f 1 and 

k — m, u, c, c -f 1 Thus if the ratio of averages 

is t w /I) u tht molecular weight average will be 
\{ u U( and iT s n 'D ^ it will be M„ rhese composite 
averages arc not, as a rule, equal to the simple 
averages lheir difference slands in a defimii 
relationship to the dispervion of molecular species in 
the polymer 

I he inequality between M } and M^ is of a different 
type to those encountered hitherto It can be 
expressed 10 as 

|i/Z) - i//J| < (A<t 2 + c 1 <j 0 )/D i (7) 

where A is the maximum ratio sJD tt and a„ a D 
represent the standard deviations of s t and Z?, 
respectively 

In order to show the dependent 1 of the inequality 
upon the properties of the distributions of j, and D t 
more clearly, we write 1 D for a^D and the right hand 
side becomes 

(Aoi H <j t o D )lb* — AiJ + (<rjtr p )vi v%{K + aja p ) 
and 

|*ID - slD\/v% - K < aJo B 

Substituting now for s/D the symbol MjjC, and 
for sjD the symbol M jk /C t where C i> constant, we have 
|Af,-Af ;4 |/C ( 8 ) 


from which we see that on the basis of the inequality 
between Af ; and M jk conclusions may be drawn as 
to the ratio between the two standard deviations 
< 7 , and <j B Thu gives the general structure of the 
relationship which Jut lander 4 has treated for the 
log normal law governing both the s t and D % 
distributions 


FSTIMATINO THE POLYMER DISTRIBUTION BY 
MXANS Ot STATISTICAL INEQUALITIES 

The log normal law — It is sometimes assumed that 
the distribution of molecular weights is governed by 
one or another form of the so-called log normal 
law*» 4,11 jf the simple log normal law u assumed, 
then a 2 Ja t j/flj — a J a r- 1 — exp {i (In 

where In a M is the natuial loganthm ol the geometric 
standard deviation, which is equal to the standard 
deviation of the logarithmic distribution In terms 
of the averages M„ M ui M g we have lor this 
distribution 


MJM m —MJM W M r lM^ 1- exp (In o £ ) % 

This establishes the relationship between averages 
of different order and the standard deviation, but 
only for the simple log normal distribution That 
polymer data are not too well fitted by it may be 
seen from the fact that the critei ion Mj M * - MJM U 
does not gent rally hold 4 li hurthermore, it has 
only descriptive valut, since then is no ground lor 
assuming that the mechanism of polymei izaLion is 
the same m all polymer? and governed by the same 
logarithmic law 

Calculation oj the standard deviation without assuming 
the log normal law — It has so far escaped obw ivation 
that from a knowledge ol M u and M n the standard 
deviation oft molecular weights can be calculated 
directly and exac tly without any assumption 
whatsoi ver about the distribution law Since this 
article was w ntten Robertson has drawn my attention 
to a paper of his 17 in which that relation was dt livid 
The standard deviation of the number distribution 
is given by (see p 3b) 

<T. - {jZ - A/. 1 )* 


and cilice th< product 

M u _ EAtfn. SAf,«, ZMJn t , 

. ~ ^ - v„ ( ~ 

we have 

<7, - (M^M m - Mi)' (qa) 

Similarly, the standard deviation of the weight 
distribution u 

a. - L* - A#*)‘ 
and smee the produet 

XMU, XM,g, ZM'g, 

SAf,*, Zg, 


MM m 


=• «/** 


D 
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- (M M u - Ml)' (9b) 

Illustration — Tor a sample of polystyrene the 
following aveiages were determined 11 

M m — 140 00U A/ v — 484 000 
M w “ 2 HO, 000 - 705,000 

From formula 9a we obtain the standard deviation 
of the number distribution as a„ — 144 , 500 , and 
from formula 9b the standard deviation of the 
weight distribution as <r ft - 224,000 I he skt wnw 
of the weight distribution calculated according to 
the formula //,/a B u 2 324 , whu h implies considerable 
asy mmt try 

The Ichebytheff inequality — Knowing the mean and 
the standard deviation in cither number or weight 
distribution of molcrulai weights, we can obtain a 
const native estimate of thi whole distribution 
by using the so-calltd Ichebycheff inequality 1 * 
According to this, the proportion of molecules with 
molecular weights differing from the mean by an 
amount not exceeding i t limes the standard 
deviation is, at least, 1 - l/l 1 and, therefore, the 
proportion of molecules with weights differing from 
the mean by more than H= t times the standard 
deviation is, at the most, \jt J 

In particular the pinpoition ot observations 
(molecular weights) dcwating from the anthmetic 
mean by mou than 

± 2 a is equal to or less than 1 /4 

d 3 <r ,1 ,, «, m tt jj I/® 

dL 4a,, ,, ,, ,, „ 1 , 1/16 

-L to ,, „ ,, ,» ,, ,, 1 It* 

Conversely, the probability If for an observation 
to dc\iate fiom the arithmetic mean by an amount 
not exceeding ±, t times the sUndatd deviation is at 
least equal to 

(10) 

It is evident that this relationship is of use only 
for / > 1 

The estimate is a very conservative one, since the 
actual value, of H is usually muc h more than (i -1//') 
Under certain conditions an improvement is possible 
If the distribution is continuous, unimodal and with 
skewness as measured by (Mean — Mode)/a of less 
than unity, thin the inequality can be improved to 

W'Jsl- 1/2 25 t 1 (11) 

which is known as the Camp-Meidcll inequality 

Illustration — Lat us suppose a certain polymer 
gate a number avciagc M, 15,000 and a weight 
average Af* — 20,000 According to formula 9a 
the standard deviation of the number distribution 
is then calculated as 


a - (M m M n _ Ml)' 

{(300 a 10 *) - (226 X Itf)}* 
- 8,600 

From formula 10 it follows that for, say 


t — 

1 0, 

w 


56 

per 

cent 

1 

2 0, 

w 

> 

73 

per 

cent 

ll 

2 5, 

w 

> 

84 

per 

cent 

t = 

1», 

w 

> 

80 

per 

cent 

i = 

3 5, 

w 

> 

02 

per 

cent 

t = 

4 0, 

w 

> 

04 

per 

cent 


and, therefore, the percentage of molecules with 
weight deviating from M n by an amount not 
exceeding 1 5a 1 1 molecules tiaving weights between 
15,000 and 15 000 | 12,990, will be at least 5b per 
cent, the percentage of molecules with weights 
deviating from M n by an amount not exceeding 
a oa 1 e molecules having weights between 
15,000 + 17,3^0 will be at least 75 per cent, 
and mi on 

Making the steps between the multiples t of a small 
(perhaps o 1) and subtracting the percentage of 
molecules lor each such multiple from that for the 
next higher multiple, the liactions oi molecules 
with weights between narrow limits (according to 
the magnitude of the steps) are obtained and the 
whole distribution curve can thus be leconstructed 

If there is consideriblc asymmetry, construction 
of the distribution curve becomes difficult since, 
without further experimental data we do not know 
what proportion of these percentages lies to the 
right, and wh rt t proportion lies to the left of the me in 
This difficulty is overcome by using the generalization 
of the IrhcbychefF inequality known as the Markoff 
inequality 14 

turthermore, since the Markoff inequality can be 
applied whe never it is either impossible or incon¬ 
venient to obtain the basic information foi the use 
of the Tchebycheff inequality, it represents a useful 
tool for the investigation ol polydispc rsity 1 * 

*1 HF BRUNS* SERIES AS A Mh AN8 FOR 
CVLCUIATIN& I HE DISTKIBU1ION 
OF IfOLECUI AR WlrlC.HTb 

The inequalities which wc shall employ here are the 
points of departure ol the distribution in question 
from normality lhey are epitomized by the 
inequalities between the moments (or functions of 
moments) of the given polydispcrse substance and 
those which would obtain from a normal distribution 
with the same mean and standard deviation 

I he Bruns' senes is the expansion of the difference 
or inequality between the cumulative percentage 
W \x) of the given distribution and the corresponding 
percentage Pf(x) of the Gaussian curve in an infinite 
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term which, like that of Fourier, progresses according 
to certain basic functions 16 Its terms are the products 
of a coefficient and the suexessivc derivations of the 
normal or Gaussian cuive 

W\x) ^ Jf{x) + | c y <p\x) \ cjp"{x) + 

(ua) 

where, in the usual notation, 

W*) - <P(*) - i [0 (*) H 1] l -, J * exp (- f)dx -t i 

?>(*) = ( - **) 

71 

x = {X — X)j\ 414<r 

and 9? f// (v) are the successive differential 

coefficients of <p(x) 

Generally, we have 

■= <P(*)t>,( x ) 

where p r {x) are the Hermitc polynomials 
1 he Bruns’ senes thus becomes 

H''(x)-#W+l/«‘exp(-x a )tt () /» < ,(x) RiMx) I ] 

(iab) 

The coefficients art calculated so as to make the 
difference between the norm and the approximation 
a minimum and, for the standardized variable 
x — (\ — X)l\ 414o-, result as 

<■» — 

Cj ~ 0 

^ (-Wu*, 

< s = 1/4 I {>,*'• (fti'o* - 3) 

< 4 -’ 15 l(^ / ‘ (-/!>" ■- 10/1>‘) 

1 /«'(2 )‘ J Wo* - I W®‘ h J") 

(13) 

where the p r arc the moments about the mean 

For working with the Bruns* Hints in polyinei 
research, the following graphical version has been 
developed so as to reduce arithmetical labour to a 

minimum 

According to the ‘normal development’ of the 
cumulative or integral writs (equation iab), the 
cumulative frequency at any point tan be expressed 
by a value oi the pjobabihty integral (the ciror 
function) plus a correction term 

lhe value of the probability integral lor specified 
multiples of a ran be read off numerical tables for 
that lunction, but wr shall use its graphical repre¬ 
sentation in the form of probability graph paper 
where the ordinate is the Gaussian probability 
integral 4>(\) and the abscissa is the standardized 
variable 1 e the variable in terms of multiples ol the 
standard deviation, the mean being zero Upon 
such a coordinate system, a normal curve will plot to 
a straight line We now draw the line which is to 


represent 0(v) through the crossing points of the 
ordinates at two specified multiples ol a with the 
horizontals at the com spending pen c ntages 1 hus, 
the c rossing points oi the ordinates — a and + a 
have as theur corresponding percentages ib per cent 
and 84 pei cent approximately, according to the 
probability integral I his gives the hist term in 
the notmal development of W^(\) 

For the following teims, wc must hrst obtain the 
coefficients c r Since fot the normal development 
( o “0» - 0> we must get tj and, if possible, r, as 

the most characteristic parameters for the divergence 
from normal In order to calculate these coefficients 
by the formulae 13, we must transform the moments 
or averages as thev result in polymer work 1 e the 
moments about zero, into the conesponding ones 
about the mi an I his is done as follows 

I *i - /<[ “ a i — 0 

Pi p> a t ~ fij — [fty)* 

/I, Hi J//.?, + -ittj 

t>\ =* p* - v!‘i ^ + 3 '* (•+) 

Substitution oi the quantities /i 3 /< 4 into 

the iormulat 13 gives the coefficients c, Ihtse 
an now multiplied by p,(1), the Hermitc polynomials 
of successive order 

A>(0 - 1 

PM - 

p 9 (\) = 4 - 2 
A(*> = I ^ 

p A (\) 10s 4 - 4Si J | 12 

(13) 

where \ is the standatdized value of the variable 
(\ - \)/l 4 l 4 o 

fhe sum of these products over all the r\ is then 
multiplied by (I/a*) exp (— \ s ) I he result of 
these opeiations is the rorrtction term which is to 
be added algebraically to <fl(v) lor the spec died 
value of v, along the i axis ir dong the Gaussian 
piohability integral ordinate of the probability 
graph Ptoceedmg m this way step hy step, foi say 
ten to fifteen equally spaced values ol the variable, 
wc obtain the probability graph of the cumulative 
curve which is then transformed into the ordinary 
graph for the cumulative curve 

Illustration - As experune ntal data we use again 
the average molecular weights ol polystyrene 11 , 
obtained by ultraccnlnfugc measurements 

M h =- 146,000 M k -= 464,000 

M w - 230,000 Af <4l - 705,000 

Forming the products AfAf* — I 341 10 u , 

-■= 0 45 x 10 1 *, give s the second and 
third moments about zero respectively, which are 
transformed into the moments about the mean 
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httiurt 1 hstxmaUd distribution tune of moldular weights 
referred to a Gaussian looidinate \ystrm 


/ta and by using formulae 14 I hey result as 
5 068 v lO 10 and 2 857 U) lH respectively I he 
square root of the lormrr, 2 249 10\ is the 

standard deviation of the weight distubution Since 
f, — 1/3 1 ( 2 )*' 1 (— vtc obtaui it by sub¬ 

stituting 2 657 I 0 ltt for and 1 1 J 8 ✓ 10 18 lor 
the tube of a, as — 0 1377 \Uhough it is a dis¬ 
advantage not to be able to calculate more than 
this term—since no highn moments are available— 
yet the senes is such that the essential outline of the 
distnbution is represented by the first few terms 
and ofte n even by the first term Wc may, then fore, 
use the normal dtvc lnpment 

--$(') + !(/’»*)exp(-01-0 H 77 />.(\H ] 

for calculating the distribution 

Multiplying fj by the Hcimitt polynomial 4 t J — 2, 
and further by the factor (l/t 4 ) exp (— v 2 ), where \ 
is always understood to be in standardized form, wc 
get the correction U rms 


r (is multiple 
of a) 

± o 1 
X 05 
± 1 o 

± * 5 
±ao 
±35 


Court turn per icnt 
for normal frequencies 

n 

- 57 

- 57 

— JO 

- 04 


These quantities art deviations of the cumulative 
curve representing the experimental distribution, 
from the normal cumulative curve (future 1) 


In order to obtain the ogive or cumulative curve 
in its usual form, to compare it with the experimental 


curve, wr translate the deviations given in multiples 
of a into the absolute values of molecular weights 
Considering that negative values arc excluded, 
zero being the lowest possible molecular weight 
theoretically, the part ol the distribution on the 
left of the mean M w — 289 OUO reaches down to 
about — l 28 o <7 since <7 -- 224 000 , which point 
must be taken as the origin The cumulative curve 
is then step by step translated into the cumulative 
molecular weight cuive 


Deviation in terms 

Cum 

Molecular 

uf multiples of a 

0/ 

/O 

weights 

*“ 35 

O I 


“JO 

03 


- * 5 

I 0 


“ 1 0 

IO O 

64,100 

“ 03 

J 7 « 

1 76,550 

— 0 1 

61 0 
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+ 0 1 
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3 ”.490 

4-03 

75 “ 
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4 - 1 0 

79 o 

V h 9oo 

1 * *> 

880 

*>J0,J5o 

f Jo 

tfb 0 

7 j8,8oo 

4 25 

990 

851 250 


\ Plotting the cumulative percentage's of the second 
column against the moltc ular weighLs of the third 
column, we obtain the graph, figure a, which appears 



1 u>urt s P\tmated distribution imve of molecular weights 
referred to Cartesian coord\nati\ 

a reasonably good approximation to the rxpeiunenlal 
curve, considenng that only the first term in the 
expansion was used 
Department of Preventive Medicine 
University of Bnsiol 
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Thermodynamic Tests for Vapour-Liquid Equilibrium Data on 
Ternary Systems with Some Comments on Extractive Distillation 

F F G HERINGTON, ARCS DIC.PhD 

Methods for testing the internal consistency of isothermal data on the vapour-liquid equilibria in 
two phase ternary systems are developed by an argument based on thermodynamics and it n 
shown how these tests can be extended to the study of isobaru data An average value of the 
logarithm of the relative volatility ratio for two components at a fixed mol fraction of the third 
1 f defined and equations for calculating this quantity from binary data are deduced This 
function is a useful guide to the choice of a third component in extractive distillation 


The difficulty of accuiately *inalysing multi¬ 
component nnxtuies and the necessity for inter¬ 
polating experimental data on vapour-liquid 
equilibria 111 ternary systems makes some satisfactoiy 
test of the consistency of such data very desirable 

Tests previously suggested either depend on 
examining the 4 smoothness 1 ot the data, as lor 
example by the method of plotting recommended 
by CniuuKN and Sgholnborn 1 , 01 rtquue that 
the data should ht some special type of function, a 
method exemplified in the use of the van dtr Waals 
empirical equation of state by Whitl 4 , and in the 
more general examples of curve fitting discussed 
by Wohl* 

In the present paper tests for the consistency of 
ternary data will be developed by thermodynamic 
reasoning which assumes only that vapours of the 
volatile components obey the ideal gas laws and that 
the molar volume of the liquid mixture is small 
compared with that ot the vapour Ihese tests are 
similar to tiiat recently discussed for binary systems 4 * 4 
and resemble it in being strictly applicable only to 
isothermal data Experimental results aie assembled 
to illustrate that in fact the tests can often be applied 
usefully to vapout -liquid data determined under 
uobai ic conditions 

An increasing interest has recently been shown in 
extractive distillation which is a technique whereby a 
third high boiling component is added to a binary 
mixture in order to modify the volatility ratio of the 
more volatile pair Several discussions of the mode 
of choosing the best third componrnt have appeared **• 


Colburn and Schopnborn 1 have stated that the 
relative volatility a, of the two volatile components 
will vary with the concentration of the third com¬ 
ponent and also with the ratio of the volatile pair 
yet Dunn, Millar, Pii-roiti, Shiras and Soudern 7 
have suggested that selection of the best third 
component can be made on the basis of data 
determined on mixtures containing equal parts of 
the two volatile components, while Updikf, Langdon 
and Keyes" have discussed the choice of the thud 
component from the results of the study of very few 
concentrations 

In the present paper it is submitted that the 
average value of log at for all concentrations of the two 
volatile components at a hxed molar concentration 
in the liquid of the third component should be a more 
useful guide to the se lee lion of a high boiling solvent 
than a single value of log a obtained at some 
arbitrarily chosen concentration Finally, it will be 
demonstrated that this average value of log ot can be 
calculated from volatility data on the two binary 
mixtures containing the third component 01, where 
the third comjxmrnt is not volatile, from activity 
data on these binaries 

DERIVATION OF THE BASIC EQUATION 

The symbols employed have the following 
significance 

N u A'i and JV a arc the mol fractions of components 
1 , 2 and 3 in the liquid phase , 

/ij, and pi are the vapour pressures of pure com¬ 
ponents 1 , 2 and 3 , 
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p lt p t and p A arc the partial pressures of (he com¬ 
ponents in * quihbnum w ith the liquid 
mixture containing A n Ai and A a 
mol iiactions of component* I, 2 
and S 


In addition for the three vapour-liquid binary 
systtm* containing components l t 2 , 1, I and 2, J 

*1 t — (/>i/A|)(A Ipt) » otj 1 (/>i/Aj) (Aj,/>t) f etc 

a, , a otj j “= 1 etc 


while 


a, , v , a lJAi and a, A A( are the lunc turns corre¬ 
sponding to a| A tti hut lor the terrury \apour-liquul 
system containing A ( , A* and A t mol liactions of 
liquid components J, 2 ind 1 respectively 

ac;, #j Ab is the exc css molar free ent rgy of mixing 
of the solution containing A lf A a and A a mol fractions 
of components I, 2 and 3 , ovtr that of an ideal 
solution ol the same composition and 

/IG y, A# and JG y, arc the corresponding 
excess inolai free cncigics lot the binaries containing 
components 1,2, 1, 1 and 2 I 

All the above arc fot a temperature r°abs 


Where the vapours o!>cy the ideal ges laws, the 
total pressure on the system bung that ol the vapour 
phase, and where the molar volumes ol the liquids 
are negligible compared with those of their vapour*, 
AG\ x A- Vl is given by equation 1 (for a detivation 
of the lrec energy of mixing see Earunc* roN*) 


•{ 


'A 1 V, V, 


RT< JV^In 


A.k 


■} 

(0 


Differentiation of equation 1 with respect to A l at 
constant T and A t and combination with condition a 
yields formula 3 


(JV^In^i | A^ln^,-! Ajd ln/> e ) r 0 

(-0 


/MG?, 

\ 3 A. 




•noun, 


-In*} 

PJ* 


( 3 ) 


Equation a is the form of the Duhem-Margules 
equation applicable when the molar volume of the 
liquid can be neglected with respect to the vapour 
and is not then restricted to constant total pressure 
(see Clark 1- for a recent discussion of equation a) 
Integration ol equation 3 between the limns Jf lt 
JV t and An Aj, A a (1 e along a line of constant A,) 
gives equation 4 which u the theoretical basis of 
the tests 


AG$ t — AG* % jf t jf 9 

'* 7 '{J.'.'(' n(4> 

A1 PI 1C ATION OF THE BASIC EQUATION TO 
TESTING EXPERIMENTAL DATA FOR 
CONSIS TENCY 

Gt tier a l thaussion — If vapour-liquid composition data 
arc available for ternary mixtures covering the whole 
range of possible compositions of components I and 2 
at some constant mol fraction of component 3 , then 
equation 5 is the form of equation 4 which is 
applicable to these conditions because in this rase 

Ai --= Aj-» 1 - A a and A x - A a - 0 
AG* t \ ( — V| 

(-.) 

Equation 5 c m Ik* used to test whether the tcinuv 
data at Aj — Aj (a eeinstant) aie consistent with 
data on the binary systems by the following procedure 
I he functions under the integral sign in equation 5 
aie plotted using the ternary cxpenmmul dati, and 
the aiei eornsponding to the iritegial is computed 
The area so found is multiplied by RT If the 
ternary data are consistent with those For the binaries 
then the quantity thus obtained should be equal to 
the difference Ik tween JG? t * 4 and 1 G' 4 In 
the piartaal computation ol these excess free 
energies for the binaiy solutions two main tv pcs 
arise, depending on whether the third component is 
volatile or non-volatile 

Derivation of equations applicable to volatile third 
component — If the total pressure of the binai y 
s>stcm is known and the composition of the vapour 
has been measured tor the liquid eonccntiation 
Ai — 1 - Aj then the partial pleasures of the 
components over the solution can be computed and 
JG A| Vt calculated* by the aid ol equation 0 

** ..-«•{*'»&, + *•»&} 

(<>) 

where p x a and p 9x arc the partial pressures of 
components I and 3 over the binary J 3 at com¬ 
position Aj =* Ai and where for the present 
purposes A x ->= (L — A a ) There is a similar 
equation for AG$ % involving A* p % a , p 9 t etc 
The consistency of data may thus be checked by 
comparing the difference between these free energies 
with the value of the integral in equation 5 If, 
however, the total pressures of the binary mixtures 
have not been recorded but a, x and oc a t have been 
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measured at a series of liquid compositions then it 
has bten shown previously 4 * 1 that the molar excess 
free energies of mixing of the binaries can be 
calculated from equations 7a and 7b 



(7b) 


Substituting equations 7a and 7b in equation 5 
gives equation 8 



( 8 ) 


It the isothcimal data for the binary systems arc 
consistent then the equalities given by equaUon q 
aic valid 4 * 1 and then arc eonesponding expressions 
involving a, 2 and a 2 , so tint any suitable alt< mativc 
expression can be chosen for insc ition m the left hand 
side ol equation 8 See next section but one lor a 
discussion of the ids intages of using this alternative 
expression when isobaiic data are being studied 



(9) 


If now all die isothermal hinaty and ternary data are 
consistent equation 8 must hold Ihus the piactical 
application of equation 8 will consist in making plots 
of expcruneiildly determined values of the vanous 
expressions under the integral signs against JV, or JV, 
between the appropriate limits and comparing the 
relationships among the creas bounded by these 
curves with the requirements of equation 8 Cart 
must be taken in ascribing the collect algebraic signs 
to the areas We may note that the sign of any area 
is the same as that of the function to be integrated 
provided the upper limit of the definite integral is 
numerically greater than the lowci, while if the upper 
limit is less than the lower then the converse is true 
An example of the application of this test to 
experimental values will be worked out late r 

Derivation of equation applicable to non-volatile third 
component — If the third < omponent is not volatile 
an inorganic salt, then the basic equation 4 is 
still true because under these conditions the term 
In {pt/Nipl) in equation 1 can be replaced by 
In (/«/«Y|/I) where /„/J are the fugacities of com¬ 


ponent 3 in the mixture and in the pure state 
respectively Then d In f % replaces & In p x in 
equation x and equation 4 follows as previously 
However if component 3 is not volatile, the quantities 
JGjf, *, and which are required for 

substitution in equation 5 in order to carry out the 
test cannot be determined by means of equaUon 6 
nor by equations 7a and 7b, but they can be 
calculated 11 from equations 10a or 10b Ihus 

Iny,, \ JVJnyv.v,] 

(10a) 

hi I J 

(i°b) 

where JV| - JV a =- (I — JV,) and the standaid states 
lor all the activity coefficients ^re the pure com¬ 
ponents at thi tempi rature and pressure of the 
system 1* the activity coefficient ol com¬ 

ponent 1 in thi binary mixture containing JV^ mol 
traction of romponent l and JV, mol (taction of 
component 1 and similarly for the othtr coefficients 
Ihesc activity coefficients can be determined for 
the binny solutions by any of the well established 
procedures eg bom measurements of vapour 
pressure etc 

A numerical example of the application of equation 8 to 
an isobant system containing a tola hie third component— 
Isobane data are of interest in distillation pioblems 
while the tests here developed an stnetly applicable 
only to isothermal conditions but mav lx applied 
to isobaric data in a se mi-qualitative way 1 


If one of the components e g component 3, 
Figure /, boils at a higher temperature than the other 
two, then frequently isobaric data across some 
section AB at constant JV, will approximate to 
isothermal data 


Sometimes when isobaric 
conditions irr being 
examined it may be prefer¬ 
able to can y out the 
c alculation of excess free 
energy for the binary mix¬ 
tures (equations 7a and 7b) 
bv integrating from pure 
(omponent J to A and com¬ 
ponent 3 to B (txgure /) 
using the equality in equaUon 
9 rather than carrying out 
the integration from 1 to A or 1 to B This method 
of compulation will be preferred when AB is close to 
3 for under these conditions the tnangle AB3 will 

generally represent more nearly isothermal data 

under isobaric condiuons than the area AB11 



compositions on a 
triangular dia¬ 
gram 


The experimental work chosen as example is that 
of Baxsr et altt 1 *» 11 on the ethanol-cellosolve-watet 
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Figure 2c Data for binary \yitem cellosolve - 
water 1 rom Baker et ahi l% » l * 


sy&tcm The boiling points of the components at 
760 mm mercury an 78 4°C, 135 i°C and ioo°C 
respectively (Cellosolve is 2-ethoxy ethanol) 

The required values of p % and p § were taken 
from the following sources The vapour pressure of 
water was interpolated from published tables 14 
The values for ethanol were taken from the collected 
data of Stull 14 and those of cellosolve from a paper 
by Garbnsr 11 

The list will now be used to determine whether 
the volatility data for the solutions containing 25 mol 
per cent cellosolve as plotted m the published paper 1 * 
in the form of two graphs are consistent with the 
values for the binary solutions The composition 
values read from the published graphs have been 
used to calculate log a t log a, t and loga s , 

(Ai = 0 25 ) and the values so found are plotted 


against composition in Figures *a, 2b and 2c The 
components ethanol, water and cellosolve have been 
labelled 1, 2 and 3 respectively The data aie 
isobanc and not isothermal so that log (pilpj) varus 
with the boiling point The values of log (p\/p 9 ) 
shown in Figure an at the concentrations o and 
o 75 mol fraction ethanol arc the values of this 
function at the boiling pointi of water and ethanol 
respectively The rise m boiling point due to the 
presence of cellosolve has been neglected here and 
this treatment was adopted because the boiling 
points of the binaries are not recorded 1 he values 
of log ( t pjp J) for these extreme compositions have 
been joined by a straight line The functions 
log (jilPi) an d log (p' 9 lp 9 ) (Figures ah and 2 c) have 
been calculated similarly 


The areas on the graphs were determined by 
Gauss' method with the results summarized in Table / 


Table I System etkemol-cellosolve-water —Areas for 
cellosolve mol fraction -= o 25 i e jYj = o 25 
From Figure 2b 

f flog a, , — log — — 0 0003 

J 0 

hrom Figure sc 

r* [ 1 * 5 «. , - log (PmIP'JW, = 4 0 1009 
J 0 


Hcncr the left hand side of equation 8 
which is equal to the algebraic 
difference between these quantities — — 0 1102 
from Figure 2 * 


[r 


[log®! • iM — >°8 (PllPt 


Jv. 


Hence the right hand side of equation 8 
Hie difference between the two sides 
of equation 8 


“ — 0 1089 
— — 0 1089 
= 0 0013 


This difference is equivalent to 1 2 per 
cent of the total area involved 


Clearly the ternary data at this composition are 
consistent with those for the two binaries 


EXTHAC I IVL DIS 1 II LA FION AND THE 
DLI INITION of In a, , Al 

We shall confine our attention to liquids which are 
completely miscible at their boiling points The 
behaviour of a three component system under 
isothermal distillation or rectification is only com¬ 
pletely defined when a pair of the volatility ratios 
is known in terms of all the liquid concentration 
variables However, for some purposes eg in 
extractive distillation, an average value of a for the 
volatile pair at a constant concentration of the 
third component has been used and this quantity 
has in the past been estimated from the mean of a 
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few experimentally determined values of vapour 
composition of the ternary system 17 

Wc shall consider here an average value of In a 
instead of an average value of a because the 
logarithmic function is more fundamental to 
distillation theory Such an average will be 
designated by In a, t ^ which is to bo interpreted 
as the average value of In at, 7 V| over the whole 
range of concentration from JV t — 0 to JV 1 — (1 — N t ) 
in the ternary system at a constant concentration A*, 
of the third component 

Ihis function is defined by equation 11 which 
follows the normal definition of an average of a 
continuous function 

.<*}/{/>■}]. 

(n) 

Equation n is identical with equation 12 which 
is the form we will adopt here because of its practic al 
utility 



The integral in equation 1 2 is identical with thst 
in equation 5 so we may write 

In d, - v , ■~ 3 In t~ f 


U „V|>. •• ,t! - ■•] ,,3) 


from which it can be seen that In d, „ can be 
calculated solely from data cm the two binaries 

Derivation of equations which may be used to calculate 
In dj g from binary data when the third component is 
volatile - Whi n the total pressure of the binary 
system is known and the compositions of the vapour 
have been determined at the liquid compositions 
in which we arc interested, the two equations 
equivalent to equation 6 can be inserted in 
equation 13 which after rearrangement gives 
equation 


- * n Pi ■ , P a 1 

In at.*-In, - + 1 _ < y 4 


where p x „ p t lf p t x and p t , are defined as lor 
equation 6 


Alternatively if In a, , and In a, , are known as 
functions of Y s then equations 7a and 7b ran be 
inserted in equation 13 to give equation 15 



"■(£)}"■] <■=> 
Derivation of equation for calculation of In d, t from 
binary data when the third component is non-volatile — 
Equations 10a and 10b ran be inserted in equation 13 
and after reanangement this gives equation 16 



where JV, — JVj — (l — N t ) and the activity 
coefTu lent* arc as defined for equations 10 

I qua Hons 14, 1 q and ib permit the calculation 
of In a, j s from binary data, but before illustrating 
the use of equation 15 by a numerical example we 
will examine the general properties of In d, , 

General properties of In u*! t ^ - The following 
propel tics of In u, k v> can be directly derived liom 
equations 13 to ib 

I In d, , Vi will only be equal to In (p\lp\) if 
— J6} t X| is zero If one of these free 
energies is not zero it is unlikely that the other will 
be equal to it, so wt may conclude that in general 
In ex, JV , will only be equal to In (pjp^l ll both of 
the binary systems t 1 and 2 3 are ideal 

s It N* % — <> then 

in d, , - In (/>,//>,) (17) 

lhus the average value of In a for a bin cry system is 
equal to the 1 ideal * value of In a 

7 If the mol fraction of a volatile third component 
be increased the 11, as tlm traction lends to unity 
In <2, 1 Al tends to a limit tor it follows from 
equation 15 by the usual procedure for finding the 
limit of a quotient that 

In «i 1 - In a* » - In a. , (18) 

V, *1 T,-M *,-*■! 

4 In eZ L 2 a, may exhibit a maximum or a minimum 
as Ai is increased from 0 to 1 

Calculation of log u, t s% from binary data by 
equation 15 —The system cthanol-cellosolve-water 11 
has again been chosen as an example, although it is 
m fact of no interest in extractive distillation The 
points marked with a cross in Figure j were calculated 
from the binary values according to the following 
prexedure The valur at 0 0 mol fraction of the 
third component was derived from equation 17 
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The value ol lug a, tJfl recorded in Figure j for 
A", —> 1 was obtained by inserting the limiting 
values oflog a B - and Ioga 3 , (jV b —> 1) in equation 18, 
these values being obtained from figures 2b and ac 
The value s plotted lor ^Vj — 0 25 , 0 47 , 0 08 and 0 88 
wen d( nved from the binary data shown in 
figure r and sc by using equation 15 1 he arras 

up to N t -= 0 4 (figure jc) were calculated in the 



figure 3 ( ahuiaUd values of lug di 1 n, from 

the binary data comfHired with the obsirvtd \ll 
e\p nnuntal values Jrom Baker tt alti J -* n 


positive direction ft cun /< ro to JVj mol fraction of 
component 3 and those above ^-04 were 
ralruhted in the negative direction Irom 1 to V, 
using tlie equality in equation 9 This method 
wxs adopted in order to minimize the temperature 
range over which the isobTtic date wire integiated 
Figure j indicates c 1 < arly that the addition of sufficient 
cellosolvc to an alcohol-water mixture decreases the 
volatility ol alcohol compared with water lo such an 
extent that the alcohol is less volatile than water 

The circles in figure 7 arc thr values of log a x 2 Va 
calculated from the observed ternary data 14 The 
\ aluc at A f t — 0 25 agrt 1 s c xc cllentlv with the hinaiy 
values because the ternary data aie consistent with 
those for the two binaries ( figure 3 ) but the agreement 
for A, j 0 47 and 0 08 is not so good , part of tins 
discrepancy may arise from the fact that the data 
arc i*obanc and not isothermal In Figure 2^ 
the \ due of log ti l « ^ is indicated and may be 
compand with the value of log r j l t which is equal 
to Jog (ft'/'j) (equation 17) 

Some remarks on the use of In _ Ta — Ihe study of 
In ri| , St cannot replace entucly the full investigation 
of the vapour liquid equilibria in the selection of a 
suitable solvent for extractive distillation, but a 
knowledge of In a x 3 certainly gives more informa¬ 
tion on the behaviour of an extractive solvent than 
do a lew values ofln a, ljr) determined at arbitrarily 
chosen concentrations Since In rf, 3 s% can be 
computed as a function of solely from binary 
data it fallows that In u ( ( T| u a suitable parameter 
for the preliminary evaluation of an extractive 
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solvent Fhc object of introducing the third com¬ 
ponent in extractive distillation is to modify the 
volatility ratio of components 1 and 2 which arc 
difficult to separate m their binary mixture, whence 
it follows that the most satisfactory third component 
will in general be one which yields the largest 
numerical value of the function 


log * y. — log t 

where compone nt 1 is the component with the 
highest vapour pressure 1 e p v > p t 

If the values of this function ate small for a given 
thud component then further investigation of this 
solvent 11 probably not justified, but if the value is 
large further experimental exploration of the ternary 
mixture may be earned out profitably in order to 
establish how log a, » (Vj constant) vanes with 
the cone entrat 1011 of component 1 

The work described rn this paper forms fmrt of the 
programme of the Chemistry Reseat ch Board and ts published 
by permission oj the Director , Chemical R* search laboratory. 


Chemical Research Laboratory 
D S IR , Teddmgton 
Middlesex 
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A Cleavage Step on Mica with a Height that 
ts a Half-integral Multiple of the Crystal 
Lattice Spacing 

Figure i shows the structure ol muscovite mica 1 5 
At q then is a plane ot silicon-oxygen tetrahedra 
htxjgonally linked with the veihces of the trtra- 
hedra pointing up (Some ol the tetrahedra arc 
occupied by aluminium atoms) \t * then is a 
similat silicon-oxygen sheet with the vertices of the 
tetrahedra pointing down lhtsc shoe Ls arc strongly 
cross-linked at r by aluminium atoms and h>diowl 
gioups are incorporated Ihe whole crystal is made 
up of a succession ol such double slu cts loosely bonded 
together as it /, with potassium atoms in i j-coordina¬ 
tion between them 1 he atoms immediately on c ith< i 
side ol the planes passing through the potassium atoms 
arc in mirror limg relation 1 he unit cell ic aches 
from the potassium laytr at p to th< potassium la\(i 
at \ It has however, been suggested that the crystal 
may cleave easily along any ot the poUssium planes 
as at p, t or v The length ol the c ixis, j lanes p to \ 


from x-ray data is 20 04 A, and the perpendicular 
distance between the plan* s, c sin fl, is 19 96 A It is 
to be expected therefore that the height of rlcavagr 
steps will tie integral multiples of this value or 
possibly of half this value 1 1 integral multiples of 
1 9 qb A or possibly ol 9 98 A 

Work on oriented overgrowths indicated that half- 
mtcgial cleavage steps might sometimes occur 0 19 
When some trvstals aie grown on a clean cleaved 
suilace of muscovite mica they all 01 lent with their 
axes pointing the same way Occasionally over some 
part of the inici suilace the ciystals will all orient 
with then axet pointing in precisely the opposite 
diicrtion I his could easily be explained il the atomic 
stiurtun ol the mica suilace ioi this region wete the 
mirror image ol that lor the remainder ol the specimen 
as would occur if their icspectivc cleavage planes 
wt re scpaiatid by a half-integial number of lattice 
spat mgs 

foi^NSKV, using multiple beam mtcrfcromc tnr 
U t hniques lias me asured the heights of a gic it many 
c lc a\ age sit ps but has found in all 
his measurements that the heights 
e>l tht steps an integral multiples 
ot Iwirc the minimum distance , » 19 
That is integral multiples ot 20 A 
To obtain his results lolanskv 
me asure d the displat ement of 
sharpened Ti/cau fringes whrte 
they ciossed the cleavage step He 
has estimated that the error for 
such measurements undti favour¬ 
able conditions is of the order of 
± 3 A, and from the consistency 
of his (iguifs this would appear to 
be a Lonseivative claim 

Ftgutt 1 shows the fringes of 
equal ehiomaUt order 1 ** 11 ior a 
specimen of muscovite mica, sil¬ 
vered ejn both sidts Ihe line 
section crosses three facets P 9 Q, 
and R tor lacets Q and R the 
ordei ol inteilcrcncc is the same, 
ull the experimental variants are 
near their optimum for maximum 
re&olut ion, a nd the re flection 
coefficients at the mica/silvc r inter¬ 
laces arc near qG per cent so that 
the width of the mtc rference lines 
at half maximum intensity is only 
1 /75 of the spacing ol orders The 
error of measurement under these 
conditions is therefore no more 



Figure i The structure of muscovite mica View oj a model looking approxi¬ 
mately along the a-axts The uhitt threads outline the umt cell 4 crystal 
could cleave easily along the plant 1 qf potassium atoms such as at />, t and x 
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2 frui^r* q/* chromatic order for a line section across three Jacet\ P y Q, and R of a specimen of 
rnuuot itr mica At any point of this line w turn the wavelengths most strongly transmitted are those which satisfy 
the equation apt nX The Jrvtges are all doublets because mica u birqfnngent Where n the order of inter - 
Jereme ir is the displacement of the fringes facet Q, to facet R is boo mm 1 a 04 mm 7 he dispersion near the 
D lines is } 95 AI mm The measured height of the cleavage stefi it then fan ndflap - 30 \ \ / f The 
magnification of lateral dimensions along the line vchon across the Jacets u 2 For any gtven value oj it, 
displacements in wavelength an linearly related to changes tn optual thukness of the spttimen so that in this 
photograph the magnjuation tn height and depth it Ujojwo Reproduted four fifths qf original size 


than J 1 A Tht* measured value of the displacement 
of the fringes is 7 9 A -fc 2 per rent 1 he height 
of the eh avage step is then 

ndX/ 2 p - 30 A ± 1 A 

Within the value of the exp< rime ntal error this is 
just 1 5 times the crystal lattice sparing The result 
provides direct and unambiguous evidence of the 
existence of cleavage steps that are half-integral 
multiples of the crystal lattice spacing and thus 
resolves the difficulties that otherwise exist in inter¬ 
pretation of the phenomena of oriented overgrowths 

I wish to express my thanks to Dr \V H Taylor of the 
Cavendish Laboratory fot his advice and foi permission to 
photograph the model of the stiuctute oj mica / utsh also 
to thank DrFP Bouden % F R S , and Professor S folansky 
for their advice and encouragement , Imperial Chemical 
Industries for provision of the spectograph the Ministry qf 
Supply ( 4 ir) for supfrort and the Royal C ommtssioners for 
the Exhibition of iH^r for a Sen/01 Studentship 

J S C otiRiNtv-P ratt 

Laboratory for the Physics and 
Chemistry of Rubbing Solids 

Department of Pfystcaf Chemistry 
University of (mmbndge 
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X-Ray Determination of Mirror Planes and 
Rotation Axes 

C fnirino of unit cells is revealed by systematic 
absences among the general x-ray reflections , glide 
planes and screw axes are revealed by systematic 
abse nee s in a zone or row of reflections, unless masked 
b> general (centring) absences It has recently been 
found possible, in suitable rases to detect centres of 
symmetry by a statistical study of the x-ray intensity 
distribution 1 * J , thus increasing considerably the 
number of space groups identifiable from x-ray 
evidence alone 1 I he statistical study makes it 
possible to detect also those symmetry elements 
(2,34,4 0,2,4! ») that K 1 ' 0 a ttntrosymmetnc 

plane projection By the same method it would be 
possible in theory® to detect also those elements 
(2=^ m,34,b) that give a centrosymmctnc luie pro¬ 
jection, though die small number of reflections 
corresponding to a line projection does not afford a 
very satisfactory statistical basis foi discrimination 
The detection of centrusymmetry depends on rather 
small numerical differences between the centric and 
acentrir® distribution functions Symmetry elements 
that make two or more equivalent atoms coincide 
in a plane or line projection, however, produce a 
gross effect on the average intensity of the c orrespond- 
mg zone or row of reflections The average intensity 
of the general reflections is always given by 

J-l 
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where f § is the scattering factor of the jih atom and 
the summation is over all atoms of the cell, but the 
average intensity of reflections corresponding to a 
projection in which equivalent atoms coincide in 
groups of a is 

film 

</> - S («/))* - nZ 

t-i 

(The effect ol coinc ldtnce was pointed out somt time 
ago 4 , but its important was not realized ) A rnirroi 
plane (a), thereforr, will have a zone of n flections 
with average intensity twice, as great as that 0/ the 
general average , 10 tat ion and ccitain screw axes vull 
have rows with average intensity up to six units as 
great This is a much greatrr numerical tfleet than 
that involved in the drlit lion ol centres of symme tr> 
and should be particularly uselul fur the dcUi ruina¬ 
tion of mirror planes 

\fy thanks arc due to Dr D Rogers , uhosi unpublished 
work on the effect of symmetry tlemtnls on Patter sor* 
syntheses suggested this note 

\ J ( \\ II son 

\ tnamu Jones Laboratory 
Lmversity C allege 
Cardiff 
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Gene Mutations Induced by Camphoi in least 

Spontaneous occunencc of u traploidy has be < n 
repeatedly observed in our two chromosome 
brewery yeast 1 4 and it has been luund easy to 
duplicate the chromosome complement by physical 
and chemical agencies under appropriate condi¬ 
tions 1 4 On theoretical grounds it appeared 
questionable whether the so-called C -mitosis had 
anything to do with the actual induction ol tetra- 
pkudy Many substances have been known to induce 
C-mitosis** 1 * but only a few arc capable of pro¬ 
ducing stable tc traploids Inhibition of the anaphase 
separation docs not necessarily mean that the cell 
should become a tetraploid It is stated 11 that the 
doubling of the chromosome complement produces 
a change in the norm ol reaction of the organism, 
and its effect is in this respect analogous to that of a 
gene mutation * Is polyploidy the result of a gene 
mutation enabling the duplicated chromosome 


complement to function harmoniously 7 If that is so, 
it stands to reason that only those substances among 
the groups inhibiting the normal course ol cell 
division, which arc capable ol producing the specific 
gent mutation, can give stable tc traploids Cold 
shock which induces polyploidy in yeast 4 * 1 - also 
induces gene mutations* Any assumption that the 
harmonious working of the duplicated chromosome 
complement should be preceded by a specific gene 
mutation necessitates as a corollary that polyploido- 
gens should be capable ot producing other gene 
mutations as well 14 Lxpciimcntal evidence support¬ 
ing such a probability was obtained during a scries 
ol investigations on th< c fleet of camphor on yerst 

lieatmcnt of actively dividing cells with camphor 
for 45 days about two years ago rnahlcd isolation of 
stable an tote 1rap)oids H During an analysis ol the 
\aiious causes which may have contilbutcd to the 
failure of the earlier investigators to isolate stable 
U traploids 14-14 evidence was obtained that camphor 
produces also gene mutations 

Figun r shows a giant tulony of the control at the 
start of (he <xpcriment It could be classified as 
Rough 11 Photo 10) lhe colony shows two small 
Smooth 11 si c tors at its penphe rv indicating that these 
aic the results of mutations during the later stages 
of giowth of lhe colony Immcdntily after giant 
colony inoculation, a loop from the eultuie was 
inoculated into sterik woit containing a diop of a 
1 unccniratcd solution ol camphoi in absolute alcohol 
lhe quantity ol camphor to In added was detnmined 
experimentally, based on the cult rum that at the 
end of growth foi 94 hours a good crop should be 
obtained The giant colony grown Irum material 
cultured in tht presence of camphor I01 2\ hours is 
presented as Ptguir 2 The colony shows Smooth /, 
S moith //and Rough 11 sc c tors indicating that camphor 
has induced gene mutations Ilitsc mutations have 
already been shown to occur spontaneously* and it 
appears that is with exposure to ultraviolet in defla¬ 
tion 17 * 1 " camphor his mcrily incicasrd their rate of 
me idence 

When camphor which inducts autotcUaploidy 
produces gene mutations as well, it appears that a 
gene mutation it a specific locus should precede a 
doubling of the chromosome complement Accept¬ 
ance of the above suggestion would offer a rational 
explanation as to why not all substances inhibiting 
normal cell division arc capable of inducing poly¬ 
ploidy They are piobably incapable of producing 
the specific gene mutation The reverse may apply 
in animals where polyploidy is generally absent and 
whtre even known polyploidogeni do not induce a 
chromosome doubling C olchicinc has been suspected 
to produce gene mutations m Daphnia 19 and hence 
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thr fact that treatment 
v ith role hinnc don not 
induce polyploidy in 
animals may be the mult 
of the absence of the 
specific locus, mutations 
in which alone can 
enable the duplicated 
rhromosomcc ompli mt nt 
to function harmoniously 
M K SlJBRAMANIAM 

S K Srfepathi Kao 

Cyfogenitiet Laboratory 
Indian Institute oj S/ tetut 
Bangalore-}, India 

(Received November 1949) 
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2,5-BtshydroXymethylfurail 
I r was demonstrated by Middendorp 1 that 5- 
hydroxymcthylhiitural I undergoes the Gannizzaio 
reaction and rims nsc to 5-hydroxymcthylfuran 
9-carboxvlic acid and 2 5-buhydroxymrthylfuran 11 
In our experience, however while the former com¬ 
pound is obtained readily enough by this procedure, 
the preparation of the 3,5-bishydroxymethylfuran is 
difficult Since the hydrogenation of 5-hydroxy- 


mcthylfurfural proceeds smoothly giving good yields 
of 2,5-bu»h>droxymethyhetiahvdtofuran III we con¬ 
sidered that it might be possible to find conditions 
whereby only the aldehyde group of 5-hydroxy - 
methylfurfural was reduced and in this way to 
prepare the bishydroxyme ihvlfuran II 

HOCH !| |cHO 
n O 
(/) 

hochJ |ch,oh 
o ' 
m 

Thr conveision of 5-hydroxymcthylfurfural I into 
2,5-bishydroxymethyltetiahydroluran III was accom¬ 
plished by IlAweiRiH, Jones and W ice ins by 
healing / in ethereal solution with hydrogen and 
Raney nickel at ijo°( and 75 alin pressure for 
6 hrs It has now been found that if the hydio- 
gtnation is earned out under less drastic conditions, 
paiticulaily at 75°C and too atm pitssure, then 
1 mixture of products is obtained which consists 
of 2,5-bishydroxymrthyIfuran ind unchanged 5- 
hydroxynulhylfurfural from which the former 
compound ciystallizcs 

The table given opposite indicates the proportions 
of the products I, II and III obtained under diffetent 
conditions of hydrogenation 

Hie j,5-bishydroxymrthylfuran obtained by the 
hydrogenation of 5-hydroxymethylfurfural formed 
needles when recrystalhred fiom chloroform It had 
m P l 75 *>—77°C (Found C, 5b 4 , H, 6 o Calc 
for C, Hp O, C, 56 a , H, 6 a per cent) Midden¬ 
dorp recoided m pt 80 °C for this substance On 


HOCH,j| I'CH.OH 
s O 
(") 
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m #/ 

3 krdrox r- 
methyl 
furfural 

gm 

Temp , 

Press 

Time 

Ml of products gm 


°C 

atm 

hr 

Rtemered 

S hydroxy 
tmOtyl 
JtuJttiai 

i 1 his 
h\drov\ 
mtlhxl 1 
fur an 

i V bis 
hsdroxy 
mtthy Itetra 
h\dr of or on 


as 

7 a 

8 

a» 

- 

— 

J0 

71 

100 

4 

iB 

0 3 

- 

Si 

160 

7 « 

4 

— 

2 

J 7 


Hu- >tfUl iiT ircitvrnd 3 h>(link\inrlh>lfurfurj| ti snmrLimci low 
bcciuar tlm nittm<U oltm <l«\oin]tov-4 itmiumI} ilurim, di'till iu<hi 

being mated with bcnzovl chloride in pyridine 
solution it toimcd a chaiactenstic dibenzovl deriva¬ 
tive which, after rtcrystallization from alcohol, had 
mpt 76-77°C (Found 0,718,11,48 C . 0 H M O 5 
requires C, 71 5 , II, 4 8 pc r tc nt) 

The authors gratefully acknou ledqe the support of the 
Colonial Products Research Counnl during tht * investigation 
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Emission of Infra-ied Radiation by 
Metallic Powders 

The possibility of using 1 ionic * eivstals or jxiwdcis 
as sources of infra-red radiation in the. range of 
wa\tlengths which they absoib stiongly has been 
considered by Fromucii 1 who hts shown that an 
electron passing close to a paitule excites a dipolar 
oscillation welding radiation of wawlengths com¬ 
parable with the particle sue 1 or 1 flic lent radiation 
it is necessaiy to have a high densitv ot electrons 
as present in a spark or arc disc harge, and to suspend 
the particles 111 the discharge plasma I he particle 
concentration must also he large 

Fxpcumcnts haw been made using inoigamr and 
metallic powders of various particle sizes to ohtitn 
preliminary information on the distribution of the 
radiation wavelengths, the effect of parUele size on 
the radiation and the possibility of using this tech¬ 
nique as a source ol long wavelength radiation 
The present note describes briefly the expenmc ntal 
technique and results for the metallic powders 

A high electron density was obtained by using a 
repetitive0 kv spark at 80 amp, joo times per second, 
the duration ol each spark was approximately 
} y io- # second The powder was allowed to flow 
fieely into the discharge either down the centre of 


an electrode or through a separate feed perpendi¬ 
cular to the direc tion of the spark The formation 
of clusters of particles becomes more probable as the 
paiticlc size is decreased but is reduced by initial 
diving and the violence of the discharge 

I he radiation was focused by means of a spherical 
front-silvered mirror on to the element of a semi¬ 
conductor type of bolometer used in one arm ot a 
bridge network The bridge and all connecting 
leads were shielded from stiav electrical mtcifcrcnce 
due to the spark lhe budge was adjusted for 
optimum bolometer sensitivity corresponding to an 
element current of io- s amp and the power sensi¬ 
tivity measured under these conditions was found 
to be 100 ± 5 [Xw/i per ernt change of resistance 
\ glass plate (G P ) 1 mm thick was used between 
the source and the bolometer as a filter to reject 
wavelengths greater than r j[i and a high melting 
point paiaffin wax filter (P W F ) to reject wave¬ 
lengths less than l 

Table 1 shows a selection of the results obtained 
for several souires, the filament lesults being 
obtained foi comparison with '•park and mt lallie 
powder results The figures shown aic corrected 
for the fact that nnl> a traction ot the raehalion is 
picked up bv the miiror and the fact that the image 
focused on the bolomc le r element is greater than the 
area of the element Tacit figure is the mean value 
foi 10 experiments and the scatter about the mean 
is of the order of _L 20 per cent for the spaik or 
powder radiation and -b 5 per cent for the fihment 
radiation 

1 able I 


i 


VflMrrr 

total radiation 
( Vo filin > 

1 I olid radiation 
transmit led 

" MP . h\ P M f 

'spark 

1 1R mu 

44 


( opftcr ptrtt dn ( o-fttipi 
( opper poudrr (tp 
( upper ponder tfitr/j.] 

(13 mu 

I 7 mu> 

V mu deiti ted 


1 i 

Hot filament 

j J|ll PWtt 

1' 

pP 


1 he results exhibit the following features 

1 the powers are all comparable in oidcr of 
magnitude but whcieas the filament is a stcadv 
source the spark is an mtermittc nt one, and the 
corrcspemding ‘peak* powers radiated ma\ be 
larger bv a factor of 10* than the mean valuta 
delected 

2 the radiation efficiency (ratio of powet output 
power input) for the copper powder (50 bop.) 
is o 15 per cent compared with 045 per cent 
for the filament 

/ an increase in particle size results in a decrease 
in radiation as predicted by Frohlich 

4 the spark shows a similar spectral distribution 
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to that of the filament but the ladiation from 
the powder reveals a marked change in this 
distribution 

An analysis of the distribution of radiation emitted 
by a black body at 8oo°C (approx filament tem¬ 
perature) shows approximate agreement with the 
spark and filament figures exetpt for the percentage 
of radiation >25(1 where the measured values ate 
an order of magnitude greater f this is partly due to 
the paraffin filler having 4 windows * between 5fi 
and and between 9(1 and i^fX each permitting 
3 per rent transmission, and being translucent for 
wavelengths < 

The results offer no conclusive evidence loi a 
radiation mechanism which is different to that of a 
black body but arc in agreement with Htihlich’s 
theoretical predictions The possibility of utilizing 
the apparently high peak powers is attiactive 

This work u as undertaken on behalj of / ( / / *d s 
and acknowledgement i\ made for financial and other 
assistance 
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Dibole Moment of 
1,2,3,4,5,0-HfxachloTocyclohexane 

AntMPis have been made to diaw conclusions 
cone erning the structure of the stereoisomeric benzene 
hexaeblondes fiom dipole moments measured in 
solution 1 but without much success Totlay the 
structures of those substances hive all been deter¬ 
mined by interferometric methods • • (electron 
diflraclion-x-ray analysis) and it has been pointed 
out that the sequence of dipole moments corresponds 
to that to be expected from the known structures J 
Ivcn if the moments had been measured in the 
vapours, however, it would not be possible tod*\v to 
check quantitatively the structures by computing 
theoretical dipole moments 

New determinations of the dipole moments of the 
a, ft, y and 6 isomers have been published recently by 
Kulkarni Jaikar and Kui karnk 4 who made the 
measurements in solution and computed the momenta 
using a simplified formula The results do not, 
however, agree with values earlier reported In 
Table I some reported values of dipole moments 
measured in benzene solution are listed, together with 
the new values Mfi andfr's value for the d isomer 
refers to a single measurement only 


Table / Dipole h foments m a Vmts 


Earlier values 1 0 * 


Recent 

values * 


at -1x0(1030)* 215(1931)* 222(1947}* 173 

ft o (1930)* o (1932)’ o (1947) 1 000 

y 36 (1946) 1 289(1947)* 253 

ft o (1946)* ai7 ( 1 947) 1 000 


The most serious discrepancy occurs for the d 
isomt r for which zero moment is reported The 
structure of this compound (exxxpcx) seems indeed 
to exclude this possibility 

We have repeated the measurements on this com¬ 
pound using a nc w apparatus, and could only c on firm 
Hr hand's results It seemed possible that the 
substances measured in our laboratory and in 
Bangalore were not ide ntical, and we wished to 
control the identity of our substanc c which was kindly 
offered us a ftw years ago hy Imperial Chemical 
Industries I td , it has a m pt 138 O We arc there¬ 
fore much indebted to Bijvoei in Utrecht who is 
working out ihe crystal siiuctuie ol the d isomer for 
hi* kindness in plac mg a small sample oflm substance 
at our disposal Melting points of the two substances 
and ol mixtures of both elearlv piove thaf Bijvoet’s 
and our sulistances are indeed identical As a further 
check, however, an x-ray rotation diagram about the 
monocluuc h axis of a crystal prepared from our 
sample was taken and a lattice constant determined 
which is identical with tliat found hy Bijvuel It 
therein!e seems quite obv ious that He tland's measure¬ 
ments have been earned out on the puie <5 isomer 

W-W 

W f c feel it ncte&saiy to publish this note because 
the discrepancy mentioned might otherwise cause 
distrust in Hetland’s measurements or even in the 
correctness of the inti rfcromelncally dctcimined 
structure of the d isomer 

b Ambie 

Department of Chemistry O Hassel 

University of Oslo 

{Received December 1949) 
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Commentary : 

Higher Education for Technologists 


The tempo of wartime developments has stimulated a variety of discussions 
and plans for the future Leaching of scientific technologists Current conditions 
may well delay any implementation of plans to provide for British needs in this 
field of higher studies They may even lead to the adoption of patchwork schemes 
which appear to be economical, but which fail to provide any real impetus in 
applying scientific knowledge to our economic necessities Bolder provision for 
advanced technological studies could have such important consequences that 
the cuirent discussions ami controversies deserve careful examination 

Two fundamental ideas ran be distinguished in such discussions In principle 
those two guiding ideas arc concerned with very diffcient values, though in 
practice then consequences are closely intertwined 

On the one hand, the view is held that higher studies in scientific technology 
aic educationally naitowing, and form a far less satistactory foundation for 
icsponsible citizenship than, say, higher studies in one of the humanities On 
the otlu i hand, the view is put foi ward that British industry needs more numerous 
and moic highly trained technologists if the material standard of life in Britain 
is to be improved, or even maintained Both these views are concerned with the 
piactical piohlcm of how far a segregation of technological from academic 
studies is dcsnable 

In Bntain the current teaching activities of what ate variously called colleges 
ol technology, technical colleges, or technical institutes arc extremely diversified 
Often such ai Uvitics ate the outcome of a long period of giowth and adaptation 
The cmpmcal experience which is woven into such organisations cannot be 
lightly disregaided But the historical fact that the mdustnal revolution started 
eaily in Britain lias influenced the stiuctuic of technical teaching in ways which 
arc not always best adapted to current conditions, just as it has generated indus¬ 
trial practices which should be obsolete in the present age The need for highly 
educated and trained technologists has grown very fast m recent years It is 
reasonable to examine how far existing British mstitutions evolved for teaching 
technologies at vanous levels can hope to satisfy this need at the highest level 

The discussion which follows is particularly concerned with technological studies 
at the highest level, because of their interconnection with university studies 
Though the proper oigamzation of technical training at lower levels is quite as 
impoitant for the public welfare, such organization is governed by quite different 
considerations which will not be dealt with here 

In discussing the interconnection between higher technological studies and the 
universities, possible principles of segregation are best examined first, before 
taking into account some practical considerations. 
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Stai ting w ith the sharpest distinction, it can Ik 
argued as a basic principle of segregation that 
theic are two types of highei study which should 
be infused with a very difTeient spirit To pie- 
serve maximum vitality, academic studies must 
pursue learning foi its own sake But advanced 
technological studies can only be justified when 
they inspiie a continued /eal for the application 
of basic scientific knowledge to the malenal 
substructuie of out civilization An academic 
attitude towaids new knowledge does not neces- 
saiily shut out an eagerness foi practical 
applications But it is almost a matter of 
instinct foi the scientist, as it is for his fellows 
working in other fields, that the highest lewaids 
in new knowledge are re stived tor tiuly dis- 
lntacsted puisuivants J he woid " academic * 
which is often equated with 1 unpiactical ’ is 
honourable in this context only By contrast, 
to be academic in the practical applications 
which must inspne technological tear hing would 
argue gross lnesponsibihty 

Because of this necessaiy difTeience in spirit, 
it is quite as important to distinguish between 
the academic and the technological approach 
to the sciences, as to distinguish be Iwccn the 
sciences and the humanities This description 
ol a iundamental dilTeicncc between the aca¬ 
demic pursuit of knowledge and the pi actual 
zeal foi its application seems moie penetiatmg 
and more practically significant for the pm pose 
ol the present discussion than the frequently 
made distinction between humanistic and scien¬ 
tific studies 

An exaggeiated eontiast between the sciences 
and the humanities as means of higher educa¬ 
tion may warp the academic attitude towaids 
the technologies It can e\cn Ik. argued that 
any distinction between the sciences and the 
humanities, considered as branches of human 
knowledge forming part of ihc piopcr scope of 
academic studies, is in part a historical accident 
In the histoiy of umvtisily leaching in We stein 
Europe, the humanities to some extent sup¬ 
planted earlier university disciplines which had 
a gieatei emphasis, for example, on divinity 
In its turn, the study of the humanities has 
to some extent been supplanted by the study 
of the natural sciences Brotherly quanels 
between the older and the younger are no new 


thing in the history of learning, and must not 
be allowed to distort judgements and piactical 
decisions about advanced technological teaching 

Before leaving any further consideiations 
about the new-old intellectual battle-game 
between the sciences and the humanities, it is 
peitinent to examine the objection that the 
sciences, even if studied academically as 
br anc hes of knowledge, have smaller educational 
value than any of the humanities 1 he isolation 
and specialized atmosphere of the laboratories 
is said to sepai ate science students fiom the 
expeilerut ol humanity If tins separation wete 
in fact complete the pnmai y purpose of 
university tducation would hive failed One 
of the arguments for rentimg any specialized 
study full in the midst of other university ac¬ 
tivities is to < ounteibalance the delil>eiate 
isolation winch specialization lequnes With 
the sepaiation of the different branches of 
knowledge, the nsk of nanowness of outlook 
resulting from too exclusive a pursuit of any 
one bianch is quite gcnrral Studies in the 
humanistic subjects, when ihese shut out anv 
awuencss of scientific disciplines, can hardly be 
icgarded as fitting a student for public respon¬ 
sibilities in conttmpoiaiy society, any inoic than 
scientific studies with no awareness of other 
branchts of knowledge fit the science student 
for his lesponsibihtics in regard to the great 
maltnal power which he may administer in 
later life But even when acadrmic studies aie 
properly balanced, technological studies call foi 
special treatment because of the difference of 
approach 

PR AC TIC AT ARUUMLN 1 S 

Quite apait from the distinction of principle, 
which would seem to favour segregation of the 
academic approach to higher studies fiom the 
technological approach, there aie strong prac¬ 
tical aiguments in favour of scgiegation l«oi 
example, the adiiunisti ation of university affairs 
and university budgets should be quite distinct 
from the administi Alton of at any iate the moie 
advanced teaching in the technologies With 
such very different objectives, men best fitled 
to serve on the governing body of an institute ol 
advanced technology should have very different 
qualifications from those most suited to an 
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academic governing body Certain advantages 
can be rtcognized in having a limited common 
membeiship on the two types of governing 
bodv, but the mam objectives should be kept 
quite distinct 

FDU( ATIONAL AND SOCIAL OHJFCTIONS 

Although arguments of pnnciple and of elec¬ 
tive admin is nation favour the sepaiation ot 
technological horn academic studies, in practice 
thcie aie vciy strong educational and social 
objections to a complete segregation These 
arise mainly liom the social and economic 
backgiound to highet studies, and may not lie 
as stiong in olhci countries In Bntam, the 
giowlh of highei education has in fact inter¬ 
woven the academic and the tcchnologic.il 
spin! ot stud) in impoilant academic disciplines 
wheic the vocalional clement is strong The 
variety of such vocational com vs of stud) is so 
Luge in contempoiai) mmeisitv life that it has 
quite tiansfoimed llie mnctcenth ccntuiv idea 
of a 11111 v ei sitv 

I hue im) lx some n^k ol distorting the 
discussion vv he nc vi 1 sjxufic cximphs an 
examined Otic example when expeuence in 
handling the pi obit m is nthest, howevti, is the 
study t>f medicine, in which ihc c 11 lie 1 vt us of 
tinning in pirdomtnintly academic in spirit, 
and the latei veais, at anv late foi the majority 
of medical students, piedommantlv technologi¬ 
cal A similar Uansition from the academic 
appioach in the eailiei \< ais to the technological 
appioach 111 the latei )cais can he retognized 
in vaiymgdc giees 111 othei v oration a 1 disciplines 
The complete segiegation of such studies fiom 
more purely ncaclunu studies, because of then 
technological ending, would be most hannful 
fen the geneial education of the students taking 
such mixed comses It would also leave even 
giavei gaps than may ansc at present m the 
university exptntmc of students ol the humani¬ 
ties Unless such 4 academic ’ students become 
effectively aware of the technological activities 
of our contemporary civilization their education 
must be legarded as inadequate, and a failure 
so far as the university is concerned 

I'urthei stungth is added to the educational 
objection against a complete segregation of 
technological from academic courses of study 


by the numerical importance of mixed or 
vocational studies m British universities 

There is also a strong social objection to a 
complete separation of technologies from the 
universities It is well known that the supposed 
superiority of ‘black coated jobs’ over craft 
woik has to some extent distorted school 
teaching in Bntam Any stiffening of the social 
attitude m which the ‘ university' comes to be 
regarded as socially superior to the * technical 
college ’ could be very haimful to the general 
weltaie of the community, in deflecting poten¬ 
tial students away from technological studies in 
which then real vocation lies 

POSTGRAIMJATF 1NSTITLTES OT ADVANCED 
TL( HNO 1 (X-V 

A 1 cconciliation of the sttong arguments for and 
against the segiegation of technological studies 
horn academic studies could be achieved by 
the creation 01 promotion or institutes of ad- 
vant cd tc chnologv, which would iecruit students 
for higher technological studies eithei at the 
postgiaduatc stage 01 after they hive been at 
least two years at a university Toi the mote 
gifted technologists the total penod of studies 
would be somewhat lengthened by this change 

In some ways such a development would 
lefhxt experience in the teaching of medicine, 
but the detailed provision for advanced tech¬ 
nological teaching would naturally vary with 
the main subjects envisaged Ccttain features 
can he recognized foi such advanced training 
in the technologies, without going too fai into 
hypotlu tical details What lollows is necessarily 
somewhat tentative, and is advanced as a basis 
foi discussion 

Delicate and frequently controversial issues 
«m raised by the problem of whcthci to aim at 
the ciration of cntnely new institutes of ad¬ 
vanced technology, or whether to promote more 
extensive advanced work m selected technical 
teaching oigaruzations already in existence 
Piobably a combination of both policies would 
eventually prove most fruitful in promoting 
postgraduate work of the highest quality in 
technological studies 

Allowance must be made for the fact that 
the existing technical bodies have a complicated 
teaching history They often fulfil an important 
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need, which will quite possibly increase, in 
providing a training in a very wide range of 
crafts, including some scientific techniques, 
without requiring much more m the student 
than the immediate ability to learn the craft 
This important activity is quite 11 relevant to 
and u frequently a distraction from any teaching 
for university degrees under para-university 
conditions 

With the mcieased ease of access to univer¬ 
sities there appear to be stiong arguments 
that many of these para-university students 
should in fact be spending the early years of 
their postmati iculation studies at a umveisity 

Provided the students are of a type fitted for 
the academic appioach, a umveisity basis to 
their technological studies should be education¬ 
ally of the greatest value Equivalent puiely 
technological qualifications are generally avail¬ 
able for students who are not suited for the 
academic approach, but who nevertheless can 
be trained into highly skilled craftsmen But a 
university degree should mean some exposure 
at some time to the university spirit 

Such a transfer of the earlier yeais of higher 
technological studies to the university might 
free certain technical colleges for the task, which 
is often crowded out at present, of developing 
advanced and postgraduate teaching in the 
technologies But owing to the long historical 
background, such promotion would piobably 
not lead to vigorous institutes of technology, in 
which the piedominant emphasis is on post¬ 
graduate studies, in more than very few cases 
On the other hand the creation of new institutes 
of advanced technology cannot be lavish, owing 
to the cost of supporting selected students 
during the years of their postgiaduate study, 
and owing to the very heavy administrative 
costs of experimental teaching in advanced 
technologies 

On this basis one requirement foi advanced 
technological work would come to be that ihe 
students must have a basic academic education 
in which some of the subjects studied would be 
determined by the subsequent vocational needs, 
but in which the methods of teaching would 
reflect the academic approach The educational 
argument for this broad foundation in highly 
trained technologists is strengthened by the 


consideration that during their active working 
life ready adaptation must be encouraged to 
any changes in the raw materials available for 
technological uses To take one example, the 
development of applications of plastics in 
engineering sti uctures 01 of new fibres in textile 
technology can be an aigument for including 
academic chemistry in the umveisity tiaimng 
of cngineei s 

II it is accepted that an institute of advanced 
01 postgraduate technology must give really 
vigorous teaching in the methods of applying 
new knowledge, and must teach the expen- 
mental spirit in attempting new applications, 
it will immediately be appaient that various 
industrial fnms are engaged m a paiallel 
activity though in a nanowei held Large 
firms often have training schemes to inciease 
the expei lencc and adaptability of their 
executives in special technologies But a link 
up of institutes of advanced technology with 
the activities of industrial films is not likely to 
laisc insuperable difficulties 

The cost of a centiahzed teaching institute 
which has ically adequate experimental facilities 
might be excessive if the heaviei technologies 
aie to be included on a footing wholly inde¬ 
pendent from the industry Effective teaching 
must normally be much more generalized than 
specific applications, and it seems likely that 
in piactice an advanced teaching institute would 
feel the need for stiong and possibly specific 
links not so much with the individual films as 
with the leseaich associations covering the same 
technological ground 

ROI I* O* Rl SEARCH ASSOCIATIONS 

Umveisity experience piovides abundant evi¬ 
dence that the intei action between advanced 
academic teaching and rescaich is highly 
fruitful Ihe notion that the rescaich outlook 
is necessary for communicating the vitality of 
a science, as a glowing body of knowledge, is so 
widespread that some experience of research is 
generally required even in teachers of elementary 
science in the universities In advanced tech¬ 
nologic al teat hing the ties with reseat ch would 
be expected to evolve differently in certain 
respects But the vitalizing function of tesearch 
is quite as important and wai rants careful 
consideration 
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I wo important problems aflecting the role 
of research in the advanced teaching of tech¬ 
nology involve the giowth of reseatch associa¬ 
tions and the combining of education ir. research 
methods with education in administration Ihe 
growth of ltseaich associations as organizations 
the scope of which is intermediate between the 
ad hoc day to day investigations requited by 
mdusliy and the academic pursuit of knowledge 
for its own sake has been very lapid in the last 
lew decades Although the body of factual 
knowledge which such associations can collect 
has pioved to be of the gicatcst value lor appli¬ 
cation in the industries concerned, it ean be 
aigucd thil until the highci naming of advanced 
technologists is adequately linked up with the 
work ol the appiopnate icseurh association, a 
veiy valu iblc educational byprodiu t ol re search 
is being wosted In some cases the constitution 
and piactice ol the research association is still 
too fluid to peimit a definitive assessment at the 
present time But it stems worth while making 
a census of life histones ol the leseauh staff at 
least 111 the mote long-established organizations 
One object of such a census would be to deter¬ 
mine what proportion of the leseaich workers 
in a research association might be reasonably 
txpte ted to take up technological posts in 
industry at a later stage Such a sequence 
would help to spread the influence of back¬ 
ground applied research in stimulating new 
technological developments A second object 
of a census of staff in the research associations, 
which deserves caieful assessment, is to deter¬ 
mine how fat the work of any of these 
associations could l>e linked up with advanced 
teaching of the technologies A successful link 
up might bring benefits both to research and 
to the higher training of technologists Having 
some advanced teaching to do could be a vei y 
valuable stimulus for selected reseaich woikeis, 
since full time research for years on end is apt 
to produce a certain ngidity of appioach 1 he 
turd research worker is even hardtr to fit into an 
active programme than the hackneyed teacher 

Another form of link up of the research 
activities pioper to research associations with 
advanced teaching could be the taking in of 
students foi a limited penod of postgiaduate 
work say two or three years in research 
associations approved for this purpose Such 


a suggestion must remain very tentative until 
the othci principal teaching activities of an 
institute of advanced technology can be viewed 
as a whole But the importance of promoting 
vigorous interaction l>etween advanced teaching 
and research should be given proper attention 
befoie the practice and the functions of the 
research associations have become too fixed 
and crystallized 

1 RAINING OF ADMINISTRATORS 

It will be gtuually agreed that successful 
directors of research are bom, not made 
Similarly, administrators of the commticialsidc 
of an industry or of government offices cannot 
become adequately aware of the place of 
research in technological development, unless 
they start with the gilts of intelligence and 
c haracter which are the basis of such awareness 
However, natural gifts can be impioved by 
education and enriched by instruction In 
considering the futuie of higher education 111 
the technologies wc must examine how fai such 
education develops administrative capacities 
The most suitable form of umv* rsiiy education 
for the future administrative classes of the com¬ 
munity is still very much in dispute Some 
vocational bias must probably be accepted even 
for students with this kind of futuie And in 
our technological age it becomes urgent to 
decide how far and in what form to convey 
the technological appioach to science, as dis¬ 
tinct fiom the academic approach 

On the lines of the geneial argument de¬ 
veloped alxrvc, highc* technological studies 
would not become accessible to the most 
promising students until they obtained a primary 
degree or had spent at least two yeais in 
academic studies More of the administrative 
classes of the future arc likely to be chosen 
from students who have passed through a tech¬ 
nological phase of studies and who have this 
bioad academic foundation Provided the 
universities do then job, such a development 
can be a welcome as well as a necessary out¬ 
come of the leonentation of higher studies to 
meet new demands From all these considera¬ 
tions, higher education in advanced technologies 
calls for intensive review and judicious adap¬ 
tation m the immediate future of Britain 
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Land re clamation implies recovery from deielic turn , 
the dereliction may be man made, that is it may 
have arisen from man's nc gleet or it may be the so- 
called natural state ol the land The end result is 
often similar, in that the land is dominated by a 
climatic or semi-climatic type ol vegetation This 
may take many different lorms suth as bracktn, 
heather, Nardus or MoUnia in the upl mils, and thorn, 
birch or Mini-aquatic types oi vegetation in the low¬ 
lands, the last mentioned being mou c haiat tc nstn 
oi low-lying fen or bog areas 

In many respects the way in which dereliction 
occurs may lx oi little importance to the itclanmr , 
on the othei hand it may have a veiy important 
bearing on the manuring and cropping procedure 
which should be adopted A considerable amount 
oi information on these probh ms was galhc red during 
the 1939 45 war as Sir Geohc b Siaciidon once 
aptly remarked, it was bee onung increasingly im- 
poitant to distinguish 1 h tween land to be reel nine d 
which had borne known agricultural history and that 
which had no known agricultural history 

BRACKFN ARhAS 

In mid-Wales as well as in w< st< rn and northern 
Fngland, large areas of this latter type wen hi ought 
under the plough m ordt r to 111c re asc the home 
grown food production drive Ihr work carried out 
at the C ahn Hill Improvement Station near ryst- 
wyth between 1934 and IQ39 had piovidcd much 
basic knowledge relating to certain aspects oi the 
mechanical and technical problems me outlined in 
reclaiming land of this nature Most of this infor¬ 
mation, howevet, related to land which was being 
improved to provide better grass rathe 1 than crops, 
especially such crops as potatoes Another import cut 
factor whirh should be noted is that much oi the 
early wartime work was earned out m an atmospheie 
of speed and urgency with the result that many 
examples were encountered which amply just died the 
proverb 1 more haste, less speed 1 

PoraroFs in bracken arfa 

One such instance was an attempt to grow potatoes 
on a newly ploughed brackc n area 1,200 ft (c 350 m) 
above sea level Soil analyses had shown that the 
varied from 37 to 4 3, the phosphate deficiency 
was equivalent to 80 to 100 lb/acre (c 90-110 kg/ha) 
phosphorus pentoxide P f 0 4 , but there was a natural 
reserve of potash sufficient to grow at least one 


crop of potatoes lhc countiy's plight necessitated 
the application ol tvtiy cflbit to pioduce human 
food crops as quickly as possible ( onstquently this 
pariuulai area was plantid with potatoes within 
nine mouths oi its being ploughed ioi lh< hist tune, 
without being ‘pioneer cropped 111 any way with 
such crops as ia[x and turnips which had been found 
to be best at the ( ihn Hill Improvement Station 
The technique ol pioneer (topping wall be discussed 
more fullv on p bo 

One disadvantage of growing potatoes in this way 
was that the deep cultiv itions it quire d we re sc nously 
obsti uctc d by the pic sc nee of undccomposcxl brarken 
roots I his difiieultv was even moie sc nous when 
the land was being thinwn up into ndgts puor to 
planting and when the ndgcs were to lie split to 
lovti the tubers Much extra time and patience 
were required to tiny out these operations icason- 
ably cflicicntlv 1 Inough lack ol supplies only pait 
of the area rould be given a dicssing oi 30 cwt/aeic 
(j 8 tonne /hi) of tale nun cai bonatc the re inaindci 
was left unlinic d At planting lime, a complete 
potato fc 1 tili/e 1 equivalent to ylllb/icre (87 kg'hi) 
mtiogen, 78 lb sue (87 kgdia) phosphorus pentoxide 
and fjb Ib/ac re (63 kg/ha) potassium oxide wai» 
applied to almost the whole aica In this compound 
the nitrogen and phosphates weie in the toim of 
ammonium phosphate Because I hue were rutain 
misgivings about the wisdom oi planting the potatoes 
on this land without lime and with this type of 
fertiliser it was decided to manuie part of the un- 
lime d area with in equivalent dicssing oi nitrogen 
phosphorus and potassium, but using basic slag as the 
source of phosphate Hie plants on the limed and 
slagged ire as giew norm illy ind ilways had a good 
healthy appearance while those which received the 
complete {utilizer only were much slower in coming 
through the ground and subsequently made veiy 
poor giowth Then genual appearance was small 
and stunted with a pale \cllow grexn colour , the 
stems were rigid and wny On a sunny windy day 
the leaves cuiled up, giving the impression that the 
crop was suffering itom a severe attack of leaf roll 
When the parent Lubeis were examined they were 
generally found to be quite hard and firm, and not 
soft or shrunken or in any way decomposed as parent 
tubers arc generally found to be after the new plant 
lias been above ground for some weeks A number of 
these hard tubers weie rrmoved and replanted 111 a 
good lowland soil, where they gave rise to normal 
healthy planU 
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FFFFCT OF FERTILIZERS 

The manunal experiment was late r earned out on a 
randomized plot basis and give thi samt gcncial 
results Yield data wen eolkclcd and it the yield 
of the fertilized but unllmcd plot is put at 100 which 
is approximately equal to a yield oi 1 ton/am (j *j 
tonne/ha) the results might be briefly summan/ed 
as in Table 1 The composition of the complete 
fertilizer is 14 pr cent mitogen, 14 per cent phos¬ 
phorus pcutoxide 10 pel cent potassium oxide 


Table f Response to Various Manunal freaim/nti 
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A paiallcl senes of plots was laid out undti the 
direction and guidance of R O Dwus, then \cl- 
visory Soil Chemist U \bciystw\th Chemical 
xndyses were made of the leaves and sic ms of plants 
giowmg on the vaiiouslv manuud plots similar to 
those shown above The results of this woik have 
been published by R O Davies, 1 W 1 ac an and 
J L John 1 and show that the leaves and stuns of 
the potatoes grown on unluncd or unslaggtd areas 
were exceptionally low in both ealemrn and phos- 
phonc acid Plants grown on the plots which re¬ 
ceived < ithi 1 ground limestone or basic slag showed 
a fourfold increase m the calcium content of the 
stems and leaves This was accompanied by a 
marked mciease in their phosphoric uid content 

IMPORTANT! 0 T CALCIUM 

The indication, therefore, is tliat calcium was a pri¬ 
mary Iimitmg factor in the growth and developmc nt of 
the potato plant There was insufliuent available cal¬ 
cium in the natural soil to provide an adequate 
supply of calcium as a plant lood, which in addition 
brought about either excessive rove rsion of the soluble 
phosphoric arid in the soil and/or the lack of an 
adequate supply of a suitable base for the uptake of 
phosphoric acid by the plant The low of the soil 


m itself appears to be a minor factor so far as the 
potafo crop is concerned, since there seems to have 
been a sufficient supply ot calcium in the basic slag 
to act as a plant food and a base lot phosphoric acid 
uptake, but not enough to materially affect the 
value of the soil 

Further evidence m support of this explanation 
was obtained liter, when by substituting nilro-chalk 
lot sulphate of ammonia on the plots rcec lving super¬ 
phosphate an increased yield was obtained ( on- 
veisely an met case m tlu amount ol ammonium 
sulphate on the similai plots actually dene ised the 
y ie Id, picsumably by re due ing the amount ol calcium 
available to the crop as 1 plant icxxl or a phosphate 
liasr 1 W\u \ce and E J Hevvh 1 • have mvc sti- 
galt d the phe nonunon of the pm nt tulx r re mauling 
hud uid fit 111 uid lnvt concluded tint it is cntuely 
due to the deficiency ol ev ulable calcium figures 1 
uid j show the produce ind the leavis and stems ol 
pi nils glow 11 cm u< is 1 eetiung a complete am¬ 
monium phosphate fcilili/cr only, and complete fu- 
tili7ri dicssing containing basic slag, irspcclively 
Subsequent to end putly is 1 lesult of thrse ex¬ 
periences a policy of pioncci cropping wis adopted 
011 otliei lie as that wen re c laum d later Surh ire is 
were usudly dominated by < ithc 1 A (nidus Naidus-tt'i- 
( uc , Alohnia, heather or biac kc n The uidystsol the sc 
soils varied slightly but in gene id turns showed 
deficiencies similai to those for the bracken area 
mentioned above, nimtlv J r , to } r ) c wt (1,250 to 
1,750 kg) ol edeiuni oxidr and Bo to 100 lb (jb to 
45 kg) ol phosphorus p< nloxide and except on the 
braeke 11 aieas a drfieieney equivalent to jo to 50 lb 
(1 } fj ter 22 5 kg) 0 f potissium oxide 

Eveiy effoit was made to apply hmc as -.cxm as 
possible alter ploughing and gencially phosphorus 
pcntoxide and potassium oxide as advised by the 
soil chemist immediately lx lore sowing the crop 
One to two ewt/aeie ol sulphate of arninonM was 
also applied at sowing lime 01 soon afterwards 
The purpose of the pione e r crop is to obtain pioduce 
which will have a manunal value either through 
being ploughed in as a grern manure 01 after be ing 
eaten off by stork The latltr is to lx pieletied 
sinre the tre admg ol the animals, whether sheep or 
cattle, is valutble in helping to break down the old 
turf or buried vegetation as well as the fibrous roots 
in the soil, especially blacken roots It is also gener¬ 
ally accepted that the dunging and urinating by 
the stoek is important in restoring and raising the 
general lertility level of soil Used in this sense the 
term fertility coveis all the romplex aspects of sod 
life—bacteria and other micro-organisms as well as 
the chemical attributes of the soil—all of which arc 
nc reasary to enable a sod to be reasonably productive 
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Figure 1 Produce , leaves and stem t y plants 

grown on areas which received complete fertilizer % 
ammonium phosphate trpe t at the rate of ^ cut) 
acre (630 kglha) hut no lime 
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Figure 1 Prodtue leaves and stem » of plants 
groun on areas which reteund a dressing of com 
plete fertilizer mixture at the same rate as ui 
/ igure i The fthosphate urns supplied in the 
form qf basic slag No lime ivas given 


io far an the plants demanding higher fertility arc 
conccmrd This, of c oum, from the point ol view ol 
reclamation is of vital important t, sine t the land must 
be made capablt of growing plants or crops of real 
value either as stock or human lood Prior to 
reclamation the production was of relatively little 
value even to the grazing animal There seems to 
be need for further research into problems relating 
to the aspects ol bacteria and micio-oigamsms in 
virgin soils ol these types Ihe recti hcation of 
ehrmiral deficiencies is undoubtedly the first step, 
but the matlet does not end there 

PIONFKK CROPS 

The crops generally used as pioneer crops are 
rape, turnips, swedes, kales, Italian and perennial 
ryegrass, winter or spring rye or some other cereal 
These may be used separately or in mixtures The 
brassua crops normally have the advantage of giving 
a greater yield per acre than the gramineous species, 
especially if sown fairly early in the summer l , ur- 
thermore if gramineous species are included with a 
crop of brassicae, which grows successfully, they are 
generally smothered out Consequently they are only 
included in the mixture when there is some doubt 
about the chances of the brasiic a crop being successful 
or where it u sown thinly for some other practical 
reason 

The general experience with brasaica crops in 
mid-Wales on upland virgin reclaimed areas was 


that certain pn requisites were nreessary to ensure 
teasonably good iisults These wen 

/ the land should have bt e n ploughed and adc quat< ly 
limed at least about six months lx fore the crop 
was to be sown , 

2 the lime, particular!) ground linn stone should be 
reasonably finely divided pri ft rably so that Go pel 
cent or more would pass through the 100 mesh 
sieve in order to obtain more even distnbution and 
a quicker e fleet in the soil Other evidence mdi- 
e ales that fineness of grinding is of minor lrnpot tince 
on lime-deficient land which is being firmed m 
the ordinary way , 

9 the crop should be given adequate diessings of 
nitrogen, phosphorus and potassium (N P K ) 

Rape, turnips and kales wen either partial or 
e oinplete crop failures. Figure whe n grown on land 
which had not be e n ploughe cl more than a few weeks 
or to which lime in any form had not lice n applied 
until relatively near the time of sowing Similar 
tesults were obtained when coarsely ground (40 pei 
cent) limestone was used 1 vtn four months priot to 
sowing Analyses of these brassica plants showed a 
deficiency of calcium and phosphoric acid similai to 
that seen in the ease of the potato crop Disease in 
the form of ‘ finger and toe * or 1 club root 1 was not 
encountered in any of these instances A further 
interesting experience with a brassica mixture was 




w bllison Manunal Problems of Marginal Land 


Research 3 -2 



n%ure j Rapt qrown on reilatmed urc'n land 
ajln a drt\sim> of a (on jot re (5 iormrjhn) of 
coarsely ground limestone applied 2 months before 
solving 5 cutlacre {(>jO k^jha) of a compound 
jtrtihzer ammonium phosphate type t 11 as applied 
at the tune of soaum* 

noted on an area ol about bo acres (.14 ha) all of which 
had received jo cwt of giound limestone per acre 
(3 8 lonne/ha) seveial month-* beiore the crop was 
sown One part received a dressing of ^ cwt/acre 
(630 kg/ha) of complrte f< rtihzcr (N P k. ) with the 
nitiogen and phosphate piesent as ammonium phos¬ 
phate lhe tenmnder was given a simiKi dressing 
ot N P K using sulphate of ammonia and basic slag 
to supply the nitrogen and phosphorus pentoxide 
When shnp were turned in they ranged ovti the 
whole area lx fore Milling down on that pari whic h 
had been givtn thi bisic si eg This they grazed 
relatively bare before going on to tht art a wht re 
ammonium phosphate has been used as a con¬ 
stituent in the complete fertilizer lhe re was no 
marked visible difference between the irops beiore 
giazing commenced Unfoitunately it was not 
possible to follow up or repeat this experiment or to 
foimulate any precise explanation for the behavioui 
ol the sheep 

In many of the brassica mixtuics Italian ryegrass 
was included at the rate of lb/acre (17 kg/ha) as 
an insurant e crop In practically all instances where 
the btassica crop was a partial ot complete failure 
for one of the reasons given above, but where lime 
and complete fertilizer had been applied, the Italian 
ryegrass grew sut ressfully 1 he same can be said of 
petenmal ryegrass and rye, especially winter rye 
Experience therefore showed that these members of 
the gramineac were better suited for use as pioneer 
crops than members of the brassica family, especially 
where the lime had not been given time to function 
or become thoroughly mixed in the soil Such results 
are not surprising in view of the lime-loving nature 


of most brassic a farm crops, and this knowledge 
avoided many disappointments at a later stage 
Brassica crops generally give mu< h bettci results oil 
exhausted farmed lands in less mid ol lertilily re¬ 
habilitation than sueh virgin lands as were dealt with 
in this work 

Even Italian ryegrass and rye weie, howevei, 
almost complete failures when grown on areas that 
received only a complete fertilizer (ammonium 
phosphate type) and no lime Analyses of the leaves 
revealed calt luin and pliosphonc acid deficiencies 
similar to those mentioned above Plants growing 
under these conditions are illustrated in Figure 4 

Pioneer crops of all kinds were often partial 
lailurcs when grown cm some of the heavier types 
ol soil, especially those reclaimed from Mohma , 
heather or the we ttrr Nardu\ areas, even when suffi¬ 
cient lime, phosphate and potash had been applied 
in the right manner The initial establishment was 
generally satisfactory but subsequent growth ot the 
plants was pool and stunted Sueh plants ultimately 
developed the purplish and yellowish colorations 
that aie associated with phosphate and nitrogen 
deficiencies 

During the war \tars it was impo-*ublc to have 
any deteinunation made of the status of the soil in 
terms ol the activity of bacteria 01 other micro¬ 
ot ganisms The crops had lx in given a dressing of 
1 to 2 e wt (fjo to 100 kg) of sulphate oi ammonia at 
the tync of sowing As a Inal, selected areas weie 
given an extra 2 cwt (100 kg) of sulphate of am¬ 
monia This brought about a marked improvement 
Similar results were obtained on grasses such as 
perennial ryegrass, timothy and cocksfoot where 
direct reseeding was earned out In the absence of 
more precise information it would vein that on 
some of these soils the numbers and activity of the 
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soil back rut and othti useful micro-organisms is so 
low that it becomes a limiting factor in the growth 
of the higher feitihty demanding ciops It would 
also appear that this can best and most quickly lx 
overcome by giving a more generous supply of 
artificial nitrogen to the first crop I his is substan¬ 
tiated by experience in New Zealand whcie in their 
upland areas lmu and phosphate arc essential lor 
the initial successful establishment of th* clovers 
Through the clovers there is an accumulation of 
nitrogen in the soil which is essential in enabling the 
grasses to become lullv established and completely 
pioductivc 

In the same coiimc t ion the work of F C Gerrltsln 
which is quoted by F Hanifv* is interesting 
Acroiding to this uporl the activity of soil mitio- 
organisms inci eased the uptake c*f phosphates by the 
1 exits of the plants situated 111 then immediate 
neigh liourhexxJ 

ct ovfr c ROPS 

C lovers themselves arc, of course, elepc tide nt em spe e xal 
attains of bacteria for their successful establishment, 
and like the brassica crops arc sensitive to low pH 
values On these soils in the earlier years of e ropping 
bioad ted clovtr was found to he difficult to 
c stahlish and gr nt ral growth was poor, late llowct mg 
types wcie more successful, hut alsikt was Lxttir 
than eitlur form of red clover White clover, how¬ 
ever, gave the best results and almost invariably a 
good seedling stand was obtained Fvcn with this 
spec ns it was found that subsequent giowth and 
< slabhshmt nt wc re ofti n unc t rtain, dqientling on the 
rale mm and phosphate status of tht soil l his was 
c learly illustrated on onr art a whe n no lirm but J ton/ 
acre (1 j tonne/ha) of basic slag togt tht r with 1J t wt / 
ac re (ic>o kg/ha) of sulphate of ammoni i were apphe el 
The clovers, alsike and white clover, germinated 
and gre w well until the four leaved stage was reached 
afttr which practically all the plants developed 
1 eddish to yellow coloration in the leaves and died 
ofF rt la lively quic kly This was probably partly due 
to the low pH and tht low calcium status of the 
soil, but may also have been caused by the lack of 
molybdenum which according to F J HFWin 4 is 
essential for the effective activity of the symbiotic 
bartrna of clovers 

Even 111 areas whe rt adequate dressings of lime 
and phosphates were applied the development of 
white clover after the seedling stage was often weak 
and poor Examination of the roots of these plants 
showed that the nodules were very small compared 
with these on similar plants on better land After 
the first year, however, these plants unproved in 


strength and vigour and nodulation appeared to be 
fairly normal Hewitt 4 believes that under sueh con¬ 
ditions sufficient molybdenum is liberated through 
the e ffe ct of the lime to meet the requirements of 
the symbiotic bacteria 

On one atea mnoculated white clover seed was 
used Du seed was sown in the spring (eaily May) 
in a grass seed mixture Counts taken in thr late 
summer (September) showed that there were nearly 
twice is many plants per unit an a whcie mnoculated 
seed wts used compm d with that wheie non- 
mnoculatcd seed was sown By the following summer, 
however, there was vciy little difference between the 
two ireas in tetrns of the percentage ground covered 
by the white clovei indicating that mnoculalion 
with the appropriate strain of bac teria was not, as 
such, a limiting factor 111 the successful establishment 
and development of white <lover under these 
conditions 

The efhcaey of these bactena appears to lx de¬ 
pendent on the presence ol an available mino- 
(It me nt as indicated above 

conc r trsioisrs 

In general teinis the results of these expciitnces 
would seem to indicate that in dealing with lelativcly 
vugin land of this kind, land without a known 
positive dgncullutal history, it is esscnlitl to rectily 
the major mineral deficiencies as a first step In id- 
elition, however, there are other factors to be con¬ 
sidered, such as minor elements, soil bactena uid 
other micio-otganisnis about which much still 
remains to be known \s with the unpoitance of 
molybdrnum to the symbiotic baric ria ol the elovets, 
the answers to many of these probli 111s will be found 
through further re search work 

In the meantime the faimer and the husbandry- 
man must continue evolving ways and me ans of ovc r- 
coming the difficulties 111 the held without always 
knowing exactly why what is being done by them 
is effective 
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Chemistry of Lignin 
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From i8qo and for the nst of his long life Peter 
Kla&on, the grand old man of lignin chemistry, held 
the view tint sprue t lignin is related to toniftiyl 
alcohol A massive amount of evident t collected by 
K tRLiTDtNHrKC, II Hibmki, B Hoi Mur kg and 
others, points in the same direction ind shows that 
the C.C'j units are joined by ether linkages At m- 
teivals, howevei, the aromatic nature ol lignin has 
been questioned by vinous aulhois 

Studies of tht ultraviolet -ibsorption of products 
obtained on stepwise sulphonation oi low sulphonated 
lignin sulphonic acids and especially of untie ate d 
wood recently tamed out by G An in-Lrdiman 
it alu x and b\ P 1 anc r\ respectively, line com¬ 
pletely iiul definitely disproved the view that lignin 
is not aromatic 

Duung my years in Sn Robert Robinson's 
laboratories l studied thedchydrogc nation of phenols, 
which proe< tds with fotniition of diphcnols or phenol 
ethers The couplings to the hydroxyl group take 
place in the o 01 p positions 1 tried to extend these 
dc hyd ingen it ions to phenols which have a side chain 
< ontaining a double bond c onjugated with the nuc li us 
and situated in one of these positions Thcv should 


be capable of t oupling at the p carbon atom of the 
side chain 9-8 My intention with these experiments 
was to tiy to thmw light on the biogintsis ot the 
gi oup of naturally ck c ui ring c ornpounds* laU r tr nni d 
lignans by R D Haworiii 

The dehydrogenation of nocugenol to a coupled 
crystalline product had already been accomplished 
by H C oi sin and H Hi Rissrs 7 In spite of the 
lac t that the tnc thyl c the r on oxidation furnished 
veiatru uul H Hi <ixsf\ ind G l)on\ concluded 
that 4 dehydiodi-Mot uge nol ’ was a diphenyl dciiva- 
tivc sinulai to dehvdiodi-vanillin H I first btlievcd 
that dthydrexli-rim uge nol wis d< hydrn-guaiarc lie 
acid II lonncd fiom I by coupling at the [i e arhon 
atoms 8 

hcrulic acid III yieleleel i dehyeliodi-letulie acid, 
rccogni/rd as a dilaetone lot which strut tuic V was 
provisionally suggesteel Tht yield was small and 
the stiueture was never proved Nine years later 
this was done independently in an elegant way by 
N J Cartwright and R D Haworth 9 R D 
Haworiii also points out that the lignans mty owe 
their formation in Nature to a side chain dehydro¬ 
genation of similar phenols 10 



(/) 
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I urthrr studies on the drhydrodi-uoeugenol dis¬ 
proved the vkwh of Hcnssey and Doby as well as 
structure II (oupling, obviously, takes plac< 
between the 0 position in one molecule of xsoi ugt nol 
and the [3 carbon atom of the side chain of anothc r 
followed by the formation of a c oumai an derivative V, 
VI-VII 


In the fir&t step a * sulphonatt d wood 1 containing 
an insoluble lignin sulphonic acid is obtained This 
cannot be removed by simple washing with wattr 
As Hagglund has shown, boiling with aeids or suit¬ 
able buffer solutions is needed to aecomplish solution 
rhe * solid insoluble lignin sulphonic acid * oi Hagg¬ 
lund is formed more rapidly il the cooking liquor is 



This structuie VII is similar to strurtuial schemes 
for lignin propose d at that time by K tki uni nbfrc 
without referring to any mechanism involving di¬ 
hydrogenation 11 Since the rtaction cltarly could 
be imagined to proceed indt finiu ly by further dt - 
hydrogenations and additions of new uueugenol 
residues I advanced in 1933 the hypothtsis that lignin 
is formed in Nature by dehydrogenation of C, C , 
progenitors of the coniferyl type 4 The mechanism 
which I proposed would easily explain why no optical 
activity has been observed in any lignin denvatives 
Subsequently similar views have been expressed by 
K PREUDENBERG and his collaborators and are now 
apparently in fashion among lignin chemists 11 " 1 * 

In the last hfu < n yt ars I have made many attempts 
to accomplish the following reaction which would be 
of grtat inttiest to lignin chemistry 


acid than if it is neutral It is however, also formed 
with sodium sulphite in slightly alkaline solution 
With an acid looking liquor a more highly sul- 
phonated solid lignin sulphonic acid is formed but 
simultaneously griat losses of lignin occui due to 
formation of soluble lignin sulphonic acids 

In the second step the solid lignin sulphonic acids 
arc transformed into soluble aeids Hagglund 
believed that this step was essentially a hydrolysis 
of bonds betwern the partly sulphonatcd lignin 
molecules and carbohydrates (or between sevrral 
smaller lignin molecules, ‘ depolymcn/ation’) This 
step noimally appears to be accomplished by an 
additional sulphonation In normal at id pulping 
these steps may overlap, but the second step pre¬ 
dominates in the late r phase s of the pulping process 
when the cooking hquor becomes more acid due to 


OCHj 



HO-+H+ 


(VIII) 


With uoeugenol and several analogous compounds, 
howrvrr, invariably ill defined, amorphous products 
were obtained similar to the dehydrogenation pro¬ 
ducts described by Frcudenbrrg 14 

SULPHONATION OF LIGNIN 

The most important reaction of lignin is its sulphona¬ 
tion with sulphite's, which affords lignin sulphonic 
acids The pioneer work of h Haoolund shows 
that this proceeds in two steps” 


withdrawal of calcium 1011s (formation of sulphonic 
acid salts) 

luming now to the chemistry of the process the 
fundamental experiments of H&gglund suggest the 
piesencc of two different reactive groups in genuine 
lignin One group, here called A, is more or less 
readily sulphonatcd over the whole range 
Another group B is sulphonatcd easily only in the 
more acidic rnlteu prevailing at the end of the cook 
It is immediately apparent that this group B very 
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probably is identic al with the group whirh is 
hydrolysed in step 2 

Hdggluncl has shown that sulphonation of wood 
with a strongly buffeting sulphite solution ul pH b 
rapidly furnishes a wood residue containing lignin 
sulphonated to an c xtent of one sul phonic ue id group 
per 3 5 to 4 CgCj units I urthc r sulphonalion pro¬ 
ceeds only vny siowl> as also docs dtlignihc ilion 

Sulphonalion of wood at a lower pH iapidly fur¬ 
nishes a wood lesidue containing a more highly 
sulphonated lignin, up to one sulphomc acid group 
per two C ,C a units This is about the same sulphui 
content as that of soluble lignin sulphomc acids fiom 
technic xl waste liquors 

In the first instance ^pparcnily only the. gioups \ 
aie sulphonated In the second all groups \ arc sul- 
phonated and part of the groups B aie hydrolysed 
and sulphonated When tht last group B in one 
molecule is rhaved the lignin sulphomc acid looses 
contact with the caibohyd rates (01 the complete 
drpnlymen^ation ul the genuine lignin is accom¬ 
plished) and the now soluble lignin xulphunir acid 
pisses into solution 


hydrolysed and sulphonated by acid cooking liquor 
The result is a sulphonated insoluble lignin-phenol 
eondf nsation product 

REACIIVE GROUPS IN LI! NlN 

What is the chemical nature of these groups A and 
B ? lhis fundamental question has been subjected 
to much speculation Omitting less piobablc hypo¬ 
theses it is sufficient to mention two conflicting ideas 
both suppoitcd by model experiments 

B HoiMiifRC tt alu -°- i suggest! d that sulphona- 
tion involves the substitution of a hydroxyl group 
possessing oulst ending re iilivjty He believed this 
to be ot the be n/yl alcohol type and found a useful 
model m p-phcnethyl alcohol 

h so, 

C i H i -CH(OH)-CH 3 -> C,H I -CH(SO l H)-CH a 

(/V) (*) 

Not denying this possibility K lRrtnrNBERC 18 ad- 
\ cm ited the view that a lute roc ye lie ring similai to 
that in dt hydrodi-fioeugcnol is c leaved with fotmalion 
of 1 phenolic sulphomc acid 


H.SO, 

OCH,- ► 


OCH, 

| OH 

/\/ 

I | CH(SO a H) 

HOCO J x 1 J HCH. 


OCH, 

/ 


C 1 Ivuli c ri n *** has shown that strong sulphite 
pulp 9 which is a sort ol sul plum 1 ted wood lets like 
a cation exchanger C haigcd with hydrogen 10ns 
and heated with distilled water this material looses 
lignin sulphomc acids This is obviously due to the 
hydrolysis of residual B groups 

Iheie is also other evidence indicating the actual 
presence of two groups ol diffcient reactivity in 
gc nume lignin Tn HaggluncPs laboratories I founci 
in 1940 that wood is leadily sulphonated in the 
presence of reactive phenols (irsoremol, pmoxylvin) 
under neutral or only weakly acid conditions'* If 
ihe aridity is subsequently increased a normal dc- 
hgmlication ocrurs If, however, woexl is sulphonatc d 
with strongly acid Looking liquor in the presence of 
reactive phenols the lignin preferentially reacts with 
the phenols to yield a product similar to bakclitc 
which contains sulphomc acid groups 

This is easily explained by assuming that it is the 
gioups A that react with phenols in the presence of 
acids but that these groups do not react with phenols 
under more neutral conditions The groups B do 
not react with phenols at any normal pH but are 


Both teactions, howe ve 1, proe eetied moic slowly than 
the sulphonalion ot lignin anil none ot thi sc authors 
discusses the two rcae live groups in lignin, the presence 
of which T believe, must be assumed 

It remain* el to be investigated whe tin r the sul- 
phonation oi lignin is accomplished by the dis¬ 
appearance or formation of hydroxyl groups 

K b reudi* nbfrg, W Lauisch and G Piatoio 
attacked this problem in an elegant wav 1 rhey 
pulped wood fractionally at a low temptntuie and 
obtained a series ot sulphonated acids of incteasing 
sulphur content Ihe fnt acids were dne l at 55 n C 
and the hydroxyl content detc mimed by acetylation 
experiments Contrary to expectation the more 
highly sulphonated acids did not contain more 
hydroxyl groups than the less sulphonated ones The 
experimental procedures employed, however, were 
such that the authors hesitated to draw definite e on- 
clusions It was obvious, howevtr, at least that in 
this mild sulphite cook no phenolic hydroxyl groups 
were formed 

Recently, however, K Frfudenberg and G 
Dietrich maintained that the fission of ether 


Research 3-2 


h frdtman Chcnustry of Lignin 


linkages as in XI->XII must be assumed on account 
of the lact that neither lignin nor methylated lignin 
yields uohcmipinu acid on oxidation, whereas 
uohcmipmic acid was obtained 111 small yield from 
methylated lignin sulphonic acids It appears 
however, to be quite possible that the lormation of 
tfohtmipinic acid is due to a secondary condensation 
reaction taking place duitng the sulphite cook One 
convenient method foi preparing isolu mipinic acid 
is dur to a condensation such is 

cugenol fomuldrhytto^ ‘ eugenotin alcohol* 
m ethy lataui rut i<J it too {johomipiniC dCld 7 

1 ormaldchyde is pioductd from lignin when heated 
with -icids oi alkali >s 

In cider to thiow light on this problem low sul- 
phonated lignm sulphonic acids obtained from 
*>ulphe)n itcel wexxl were prepared aecoiding to 
Kullgrcn’s prexedure With B I inim ri n and 1 
Pi i 11 ns os it was shown that the strpwise sul- 
phnnaimn of such acids was accompanied by the 
equivalent loss of hydroxyl gioiips J> 

1 he technique employed wes the acetylation of 
the pytidine salts ol the various sulphonic ^c ids with 
acetic anhydnde in pvncbne isolation and complete 
analysis of the pnxlurts obtained Sjx c tiochemical 
him stigalion ol the low sulphomtcd adds and then 
sulphoii ttiou piodue ts in nruti il and alkaline solution 
establishes that no phenolic hydroxvl gioups are 
lormcd duimg this sulphonation process’ 0 


they react more readily than lignin, which is probably 
due to their solubility In fact they tally in their 
reactivity in almost every respect with the groups A 
in lignin I hey are for example sulphonated tn the 
presence of phenols with neutral cooking liquor but 
they condense undei more acid conditions The 
groups A are believed to belong, essentially, to 
elements ot the type VIII With B Leopold a senes 
ol compounds of similar type, XlII , has been 
synthesized* * 



(\IIl) 


where n — 2 to 4 Ihese substances were easily 
sulphonated and also in other resperts behaved as 
i( the y e ontamrd the \ groups of lignin 

Group B is obviously an icelal group Since B u 
apparently hydrolysabh to a group B' containing a 
hydroxyl gioup capable ol being substituted by a 
sulphonic acid gioup, it is presumably \ cyclo-d cctal 
group and B' a cyclic semi-acetal group 

tormula \ l illustrates this hypothesis , the element 
could be formed from \IV (R = a polysacchai ide 
chain or a lignin chain) by dehydrogenation in 
exactly the same way as dchydrodi-nut uge nol 1 his 
also applies to the formation of All 


MECHANISM OE SI!t PHON A I 1(1 N 
These results stiongly indie etc 
that lignin sulphonation is mainly 
due to substitution of hvdroxyl 
gioups lhc low sulphonated lig¬ 
nin sulphonic 'Kiel employed 
contained sulpl onic acid groups 
cot responding to pait of the 
gioups A The groups B were 
cleaved by hyeholysis during the 
Kullgien process but remained 
capable of sulphonation 

lhc groups A reading with 
sulphite at all p\\ values but with 
phenols only at a low die 
believ e d to be of the benzyl alcohol 
type Assuming this B I inuc ri n 
studied the reactivity of similar 
alcohols of a more lignin-like 
structuic 11 He found that for 
example vanillyl xlrohol, veratryl 
alcohol and thur homologucs are 
sulphonated very readily Indeed 



OH 

(W) 



(U) 


Good model substances are not easily available 
Hitherto we have studied the following 1 


OCH, 

iY 


/ 


OCH, 


CO-^ )>--OCH 

CH, 


CH, 


(XVI) 
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The hydrogenated chalcone A VI dots not furnish a 
eye lie semi-ace tal and cannot be sulphonatt d ( om- 
pound A VII yirlds a sulphonic acid (OH - SO n H) 
whirh has been resolved into optically acti\c forms 
and found to be remirkably stable with alkalis md 
adds Ihe carbonyl group may hen facilitate the 
exchange reaction Oil * SOJd ind the substance 
is not regarded as bring a pirticulaily good lignin 
model Ihe studies of these substances art being 
ron turned 

If the Kullgrcn process is earned out in t thanol 
lnstc ad of ualei, ethox\ls rontaining low sulphoualtd 
lignin sulphonic acids aie obtcined 11 On further 
sulphonation the cthoxyl gioups arc split ofl is 
alcohol and sulphonic acid gioups arc then intio- 
duc i el 13 

Ihi* recalls ciily cxpcriimnts on the c thanulvsis ol 
wood by B Holmblrc and S Hi nh s, who also 
rtcognized eaibouyl functions in lignin 31 I11 \V 
these functions aie masked* 

The assumption that lignin is to 1 hrge extent 
built up from groups of the types Mil and \I is in 
agreement with analytical results of Ilolrnbug and 
I rtudenberg They point to -in cvcrage composition 
of [( t H 0 O 1 fO( H ,)]„ lype I III possesses th it 
eomixisition but type \1^ lias two hydiogen atoms 
less 

Ihe e \ u t dc te iiiiiiitlion ofhvdrogc 11 in imoiphous 
preparations is difficult \ mixture of ( ,H B () 1 (OC FI,) 
and ( t H 0,(0011,) element may well give 
analytical results agreeing with tin formula for 
c(imposition given above 

I here an necessarily some elements in lignin 
whirh possess a somewhat modi tied struiturc The 
mcthoxyl rontc nt is a little too low, some tree ildchyde 
groups are obviously present and spectioi hemicil 
evidence conclusively shows that then must be some 
elements possessing larger conjugated systems 1 , 
perhaps phenylroumarones from cle me nt \V 

Much woik remains to be done and this is only 
intended to be an attempt to look upon the chemistry 
of lignin, especially its formation in Nature uid its 
sulphonation, from a somewhat idealized point of 
view 

This papir wa r rtoe/ at the Mi International Congrru of 
Biochemistry at Cambridge on si August it/49 
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Powerful Acoustic Waves 
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Reseatch Department, Wolscy Ltd, Leicester 


Physical aspect* of the propagation of sound 
waves t e mechanic al vibrations, have bt en the 
subject of detailed study for over a centuiy Within 
the last thirty years it has been found that very 
intense acoustic waves produce unexpected physical, 
biological and chemical effects in the medium through 
which they pass The production of these effects 
requires sources dissipating tens if not hundreds of 
watts and these are of in entirely different type from 
those encountered in acoustics where a sound with a 
small fraction of a watt ot energy is a most intense 
noise 

I he use of sound waves — usually of high fie- 
qucncy—in the fields of underwater communication 
(including submarine detection and echo depth 
sounding), testing of materials eg Haws in metal 
castings, ami in the Scophon} system of television is 
beyond the scope of this article, which confines 
itself to the chemical and physical effects produced 
in solids and liquids by very intense sound waves 

Mechanical vibrations are* usually divided into 
two categories according (o frequency , oscillations 
with frequencies less than 10-20 kc/s arc known as 
sonicb and those with greater frequencies as ultra¬ 
sonics In the past the teims ‘ ultra Wit * and 
‘supersonic* have been used indisenminatcly and 
this has lately led to considerable confusion because 
of the wide use of the term supersonic ' to describe 
motion at a speed grcatci than that ol sound The 
wntcr urges that the teim 1 supersomr * be ronhned 
to this use and that sound waves with frequencies 
beyond the audible be called ‘ ultrasonics 1 

I he average adult is in general not able to hear 
bound of frequency greater than 12 kc/s although 
this varus from person to person, but the wilier has 
found that intense sound waves nghl up to 2^ kc/s 
arc capable of being detected even though they do 
not produce a squation of sound but lather some 
indetciinmate ana unpleasant feeling that something 
os happening Ihc ttrm ' sound * will m this article 
be used for all mechanical vibiatiom, whether of 
some or ultrasonic frequency 

In their physical and chemical effects there is no 
dividing line between somts and ultrasonics, and it 
is very doubtfbl whether any of the effects produced 
are frequency dependent For experimental reasons 
most of the oscillators built for producing intense 
mechanical vibrations for research purposes operated 
in the ultrasonic frequency range and until recently 


few experiments were earned out with powerful 
sonic generators This is undoubtedly the reason for 
the frequent indiscriminate use of the term ultra¬ 
sonics for all high intensity mechanical vibraUons 
rhe frequency limits for high intensity sound waves 
arc set by the practical difficulties ot producing high 
energy content oscillations Ihc energy of a sound 
wave is, of course, a function of frequency and 
amplitude and hence it becomes very difficult to 
obtain high intensities at less than 5-8 kc/s as it is 
impossible to obtain the necessary amplitude in 
mechanical systems The upper limit of frequency 
for power sources is at about j Mc/s for design 
reasons which will be discussed in the next section 

Very many strange phenomena have be c n ob¬ 
served with powerful sound waves but they are 
always attributable to one 01 more of the four chief 
effects associated with energetic vibrations These 
arc production of heat, radiation pressure, cavitation 
in liquids, and the enormous acceleiation of particles 
in the sound beam leading among other things to an 
increase in the rate of diffusion through membranes 
Some of the many different effects obtained such as 
emulsification, sterilization and grain si/c reduction 
dunng crystallization have grea* pot( ntial value and 
will find industrial outlets as soon as a rhtap method 
of producing high intensity sound waves 1* found 

SONIC AND ULTRASONIC C I Nh RA l ORS 

Puzoe/ectnc oscillator — This type of generator is the 
one most fiequmtly used for experimental work with 
ultrasonics and is the only type ofgcncraioi capable 
of working satisfactorily at frequencies above 100 kc/s 
1 he brothc rs J and P Curif disc ovc red in 1880 that 
a number ot crystals such as quartz, tourmaline, 
Rochelle salt, 7inc blende and cane sugar produced 
electrical charges on their surfaces when subjected 
to mechsqueal pressure Later investigations showed 
that this effee t is t ommon to all crystals which do not 
possess a centre of symmetry The underlying 
theory has been worked out in detail but cannot be 
discussed here The converse effect, namely that the 
application of an electric field of force produces a 
contraction or expansion of the crystal, was predicted 
from thermodynamic considerations and later ex¬ 
perimentally confirmed by the Cunes 

The basis of the piezoelectric ultrasonic generator 
was laid by M P Langevin and the first powerful 
generators were built by R W Wood and A L 
Loomis who, like all subsequent experimenters, used 
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quarts crystals as the piezoelectric material The 
basic principle is to apply to the crystal an alternating 
current at very high voltage and at the same fre¬ 
quency as the natural elastic frequency of the crystal 
in the appropriate direction In this way, powerful 
mechanical oscillations are set up from the surface of 
the crystal Usually, the crystal is cut into plates of 
which the thickness governs the resonance frequency 
at which they oscillate The thickness of a crystal 
resonant at 300 kc/s is 1 cm and at 3 Mc/s, 1 mm 
It can readily be seen that it is the thickness which 
effectively limits the frequency range, as veiy big 
crystals are difficult to find and very thin crystals 
too fragile to handle The crystallographic aspects 
of cutting the crystals are well understood and lens 
shaped crystals can be made which focus sound 
waves, making possible very high local intensities 
A beam of sound waves can also be focused even 
when emitted from a flat crystal by using a mirror 
in exactly the same way as a parallel beam of light 
If the sound waves are m a liquid any solid e g glass 
can be used as a mirror, but losses are inevitable 
since no solid acts as a perfect reflector for sound at 
a liquid interphase 

Until recently, a Tesla coil was employed to 
couple the high frequency oscillator to the crystal 
for the conversion of electrical to mechanical energy 
The design of the coupling circuits was largely 
empirical and the method always very inefficient 
since great heat losses occur in the coil Probably 
the most efficient coupling method utilizes a it 
network, and a generator working on this principle 
has been described m detail m a most valuable 
paper 1 The mechanical properties of quartz limit 
the frequency range from 50 to 2,000 kc/s for high 
power oscillators The overall efficiency of a quartz 
oscillator in the conversion of electricity to sound 
has been variously estimated from 10-70 per cent 
but probably lies in the region of 20 30 per cent for 
the best machines This efficiency, though low, 
would not prevent these oscillators from being used 
industrially were it not for the fart that they cannot 
be scaled up Very large quartz crystals do not 
exist and mechanical considerations also would cer¬ 
tainly limit their size Hence, to irradiate bulk 
quantities of materials a large number of units is 
necessary and construction cost would be very high 
in relation to the volume treated 

The second disadvantage of a piezoelectric crystal 
oscillator is that it » very difficult to irradiate 
aqueous solutions directly because the two faces of 
the crystal are at very high voltages They must 
therefore be surrounded by an insulating liquid 
such as transformer oil, for even in air there 11 a 
tendency for sparking to occur across the two faces 
resulting in immediate damage to th? crystal To 



Figure 1 iftparatus for irrtuhatvig water rhrrctly with n 
quartz crystal / Pfrsfvx box filled with uniter , 2 earn- 
fnubnent filled with Iran former ml , 2 quail" ny\tul 
4 metal fdnte held tightly to btuh nf <ry\tal by ban 
5 rub het flan 

transmit the sound from oil to water through say a 
glass vessel is most inefficient because up to 80 per cent 
of the energy would be lost in the glass It is possible, 
however, to have one face of the crystal in contact 
with water and the other in oil, the apparatus shown 
in Figure 1 having been used successlully by the 
author, but there is always a danger of water leaking 
through the rubber flange 

A piezoelectric generator, although most valuable 
lor research, holds out little prospect for large scale 
application 

Magnetostriction generator — Some ferromagnetic 
materials, notably nickel, contract when placed in a 
magnetic field and this property can be utilized for 
the production of sonics and ultrasonics Usually a 
nickel tube or rod is suspended halt way along its 
length and placed inside a solenoid which is coupled 
to an oscillator The length of the tube must be 
such that its natural elastic frequency is the same as 
that of the magnetic field produced in the solenoid 

Instead of tubes, expenments with nickel laminates 
were made m Germany dunng the 1939-43 war 1 
l he best constructional d< tails are found in N Gainls 
and L CiiAMBFRh* paper* rvm though it was one ol 
the earliest to be published Unfortunately, there is 
no such excellent d< sci iption is is available for piczo- 
eleclnc oscillators The literature describing the 
best coupling between the high frequency electric 
generator and the mechanical system u unsatisfactory 
In the author’s laboratory it was found necessary to 
spend considerable time in determining the best 
method of coupling a magnetostriction generator and 
there is a need for an authoritative treatment of this 
problem from the electrical engineering side The 
efficiency of an oscillator of this type 11 probably 
only 20 per cent, although very much higher figures 
(50-70 per cent) are claimed for the German nickel 
laminates The inevitable lnaes due to eddy current 
heating in the nickel and heat losses in the solenoid 
make this latter claim suspect in the author’s view 
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and about 30 per cent probably represents the upper 
limit of efficiency The frequency band for high 
intensity work u 3-30 kc/s although it is alleged that 
the laminates can be worked as high as a00 kc/s It is 
obviously most important that studies should be made 
and published m this country concerning the per¬ 
formance of flat nickel laminates, to check the German 
Admiralty research claims which, if corroborated, 
would open up important possibilities for the 
application of ultrasonics 

Magnetostriction oscillators, like quartz oscillators, 
cannot be scaled up for industrial use as their 
dimensions are governed by the mechanical proper¬ 
ties of the magnetostnctive material Large 
quantities of materials can thus only be treated by 
having a multiplicity of units However, the metal 
tube carries no current and can thus radiate directly 
into water, in this way overcoming one of the most 
senous difficulties of the crystal oscillators 

The author has noticed that the life of a nickel 
tube is short as it appears to fatigue after a few hours 
running, with a resultant great loss in sound intensity 
This difficulty can be overcome to some extent by 
using alloys, although research will have to be carried 
out to determine optimum compositions 

Electromagnetic generator — H W St Clair 4 , at the 
U S Bureau of Mines, has designed a powerful 
generator for sonics and ultrasonics on the basis of a 
loudspeaker employing a hollow aluminium tube as 
diaphragm lull constructional details are given for 
oscillators up to 30 kc/s which would appear to be 
near the upper limit for high intensities An 
efficiency of 30 per cent has been obtained, eddy 
current heating again being the greatest cause of 
energy losses Although St Clair only irradiated 
gases there should be no difficulty in working in 
water or any other liquid Compared with a mag¬ 
netostriction generator, the oscillating system is 
mechanically intricate On the whole, however, 
these two magnetic methods appear very similar, 
both in their potentialities and limitations In the 
absence of published data it is impossible to decide 
which is more efficient A thorough study of the 
various factors influencing the efficiency of conversion 
of electricity to sound for the different generators is 
required It should be possible to estimate unavoid¬ 
able losses, for example, those occurring in the 
coupling of the mechanical vibrator to the high 
frequency circuit, and to give the theoretical overall 
efficiency However, at the moment, no estimate can 
be given of this figure for the different g e nera to rs nor 
are there any reliable data for the actual efficiencies 
of the various methods 

Mechanical generators — Several mechanical gener¬ 
ators for the production of ultrasonics in air have 


been known for a long time and studied in consider¬ 
able detail The best known of these is the Galton 
generator which functions on the usual whistle 
principle of a vibrating gas space, but is incapable of 
producing very high energies The Hartmann gener¬ 
ator 1 , on the other hand, is capable of vibrating in 
air at 90 kc/s with as much as no watts and with 
lower energies at much higher frequencies The 
Hartmann oscillator also makes use of a resonating 
air apace, but is energized by an air or gas stream 
moving at supersonic velocity (air issuing from a jet 
with an excess pressure of 0 9 atm moves at super- 
some velocity) In this way zones of instability are 
produced which give intense acoustic vibrations if 
the opening of the resonator space 11 made to coincide 
with the point of instability m the gas stream 

From a practical point of view the generation of 
ultrasonics in liquids or solids is of much greater 
value than their production in gases, and the 
development of a suitable purely mechanical oscil¬ 
lator would represent a great advance The obvious 
suggestion is to actuate a whistle immersed m a 
liquid with a liquid The principle of the Galton 
whistle cannot, however, be used as it requires 
complete reflection, as is found with gases, between 
the vibrating volume and the wall of the resonator 
However, this does not apply if a liquid is used, since 
there is no great difference in velocity of sound 
between liquids and solids, unlike gas/sohd systems 
As a result, if a Galton whistle is operated under a 
liquid the sound waves penetrate the wall and no 
reflection and accompanying resonance reinforce¬ 
ment takes place fhere are no solids known to th< 
author which can reflect sound waves in a liquid 
without senous loss 

In addition, the Hartmann generator cannot be 
used with liquids since it would require a column of 
liquid moving at supersonic speed Such velocities 
cannot be realized with liquids without great diffi¬ 
culty, if at all, and would certainly not be controlled 
without the most elaborate installation The 
enormously greater kinetic energy of a supersonic jet 
of liquid as compared with one of gas arises from the 
fret that the velocity of sound in water is five times 
that in air and the ratio of the densities is approxi¬ 
mately x 1,000 

To design a 1 liquid' whistle, therefore, a new 
principle had to be found which did not involve 
reflection of a sound wave from a solid mterphasc 
Thu appears to have been done by R Fohucann of 
Siemeo and Schuckert Unfortunately, no publi¬ 
cations describing such a machine and its perform¬ 
ance are available and the only information comes 
from the author’s BIOS Report on ultrasonic 
research m Germany* 
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The best of these methods, Figure g, consists of a 
jet of liquid impinging against a steel blade When 
the jet hits the blade the latter vibrates at its natural 
frequency and transmits the oscillations to the 
surrounding liquid The frequency of the sound 
waves produced depends naturally on the mechanical 
properties of the blade Pohlmann claims to have 
operated at frequencies from 3-33 kc/s, but was 
unable to give any detail of operation or of the 
efficiency of conversion of the kinetic energy of the 
jet to sound energy In this laboratory we h^ve built 
a number of such whistles to study their uses in 
emulsification and other problems, mde infra The 
water was expelled with a gear pump and the on Gee 
size was adjusted so as to give a jet at about 10-90 
atm pre ss ure For the vibrator, an Ever-Read? razor 
blade was found best and this was clamped about 
1 cm from its edge thus giving a frequency of about 
15 kc/s Such a whistle was very effective for the 
emulsification of two liquids, one being blown 
through the orifice into the other and the resulting 
emulsion recycled through the whistle, Figure 5, to 
ensure thorough emulsification 

The inlet to the gear pump was placed at the 
liquid surface if a liquid lighter than water was 
emulsified and at the bottom of the vessel if a liquid 
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heavier than water was used Thus, should the 
emulsion break, the liquid was recycled immediately 

The intensity of the sound waves was greater than 
that due to the oscillations of the small blade An 
additional effect which appears to be more important 
than the vibrations transmitted from the blade is 
that of the deflection of the jet As the blade set 
directly opposite the narrow jet vibrates the latter 
u deflected up and down and sett up very powerful 
vibrations in the liquid of its own account 

There is need for much research into this whistle , 
for example, it u necessary to relate the jet pressure 
with the amplitude of the vibrations, to find the 
frequency limits, to determine the optimum working 
conditions and the efficiency There is, no doubt, also 
scope for redesigning the simple jet and blade system 
to give a still more effective whistle 

Hie great cost of electrical generators requiring 
as they do large high frequency oscillators has up to 
now effectively prevented their use in industry other 
than as a research tool Thu applies particularly to 
piezoelectric generators where the high voltages 
involved create great additional problems The 
Pohlmann whutle, however, holds out real promise 
for large scale application and in the author's view 
makes possible for the fint time the application of 
ultrasonics to such processes as emulsification 
Recent work with magnetostriction generators 
appears also to make possible their industrial use, 
but for simplicity of construction and robustness they 
c annot compete with the whutle 

Before intense ultrasonics can be used in industry 
the effect on the operator of prolonged exposure to 
them will have to be determined 

CHEMICAL AND PHYSICOCHEMICAL 
EFFECTS 

All the many diverse phenomena such as emulsifica¬ 
tion of liquids, dispersion of solids, precipitation of 
smokes, decreasing gram size dunng crystallization* 
degassing of liquids, breaking up macromolecules, 
activation of dissolved oxy g en leading to powerfol 
oxidation, prevention of metal passivity, menacing 
rate of dyeing and chemical reactions, sterilization 
and medical effects produced by powerful mechanical 
vibrations, can be ascribed either to cavitation or to 
the enormous accelerations of particles in the sound 
field 

When irradiating a liquid with ultrasoma, heat 
is invariably produced and it is important to ensure 
that the effects ascribed to the ultrasonics are not 
really caused by the heat alone. 

An ultrasonic wave produces very violent dis¬ 
persions of two me dia into one another because of 
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Cavitation, however produced, invariably results 


the very great acceleration of the particles and 
molecules in the beam which may be as much as 
50okm/scc* r At high intensities the liquid is rup¬ 
tured and cavitation occurs 

EFFECTS PRODUCED BY CAVITATION 

W A Weyl and E C Marbob 7 in a recent article 
in this journal have discussed the cavitation of water 
with ultrasonics rhcy consider a volume of water 
as one large molecule which, on rupturing by 
cavitation, leaves free valencies similar to those pro¬ 
duced when a sheet of mica is split This theory 
satisfactorily accounts for the oxidation of metal ions, 
dyes, halide ions, the production of hydrogen 
peroxide and luminescence and a host of miscel¬ 
laneous oxidation (fleets observed on irradiation of 
aqueous solutions None of these effects occurs when 
the intensity u not great enough to produce cavitation 
or when this 11 prevented by compressing the 
solution" The oxidiring effect of ultrasonics in 
aqueous solutions is enhanced by the presence of small 
quantities of a second phase of a con-polar substance 
such as carbon tetrachloride*, presumably because 
cavitation of water occurs more readily at a non-polar 
interface 

With ultrasonic irradiation, almost any liquid can 
be Emulsified with any other * g it is the only method 
of emulsifying mercury in water, and most solids can 
be colloidally dispersed in water Thu phenomenon 
has been studied in detail by K Sollner 1 * and M 
Frxunduch 11 who have shown that acoustic waves 
also coagulate and that an equilibrium is reached 
when emulsifying two liquids , thus, 4 per cent u the 
limiting concentration which can be attained for 
toluene in water and emulsions of higher concen¬ 
trations will be coagulated Cavitation at the inter¬ 
face of the two liquids u responsible for the emulsifi¬ 
cation with the exception of mercury sols which behave 
anomalously Coagulation u due to the increased 
rate of movement of the individual particles which 
will tend to accumulate wherever stationary waves 
occur it orthokinetic coagulation The precipita¬ 
tion of smoke u caused in a similar manner and the 
particles accumulate always at the nodes, or anti¬ 
nodes Hence, emulsification occurs entirely at the 
interphase whereas coagulation proceeds in the in¬ 
terior of the aqueous phase 

The use of ultrasonics for polymerization of emul¬ 
sions of vinyl monomers was found by the author 11 
to give a superior product because it is not necessary 
to have an emulsifying agent present which often 
spoils the electrical and mechanical p r oper ti es of the 
resulting polymer Using the Pohlmann whistle, 
moreover, the emulsions can be p repared simply 
and contmuaffy recirculated to prevent their 
breaking, Figm 3 


in powerful degassing of the solution and this is 
undoubtedly the explanation for the remarkable 
degasung effects of ultrasonics Water and simple 
solvents can be easdy de-aerated and the method has 
even been applied to the degassing of metallic melts 
so as to obtain improved casting It is lmposuble 
to de-aerate transformer oil as the ultrasonics 
depolymenze the hydrocarbon, and volatile break¬ 
down products such as hydrogen and benzene are 
evolved m increasing quantities after the air has 
been removed 

Cavitation at the intcrphav piobably also accounts 
for the removal of oxide films from metals immersed 
in water and other liquids Water does not tear 
away easily from hydrophilic surfaces such as oxides 
and hence cavitation occurs at the mterphase of metal 
and oxide films resulting m the breaking off of the 
latter Aluminium can be soldered after being 
irradiated in flux because the protective oxide film 
has been split off A similar explanation no doubt 
holds for the breakdown of fibrous specimens into 
fragments small enough for electron microscopy In 
the same way, bactena are tom apart in an ultra¬ 
sonic beam whose sterilizing action can no doubt be 
explained partly by the production of active oxygen 
coupled with the mechanical disruption of the 
organism Colloidal matter added to a suspension of 
bactena largely prevents the sterilizing action of 
ultrasonics , for example, bactena killed in a few 
seconds in a saline suspension survive for hours in 
irradiated milk* 

When metallic melts are irradiated during cooling, 
crystallites produced in the solid are very much 
smaller than m the absence of ultrasonics but whether 
cavitation is essential for this effect is not known 1 * 
For example, with zinc, ultrasonics produced a grain 
uze one tenth the normal The rate of crystallization 
from supersaturated solutions is greatly increased by 
irradiation with ultrasonics Professor H Hertz 
succeeded m speeding up the refining of sugar in 
this way and large scale application of the process 
in Germany was said to have been prevented only 
by the war* In all probability the effect is due to 
cavitation which, occurring at crystal nuclei, will 
break these up and increase the supply of centres 
for crystal growth , possibly a similar explanation 
accounts for the finer gram sues obtained with 
ultrasonics ' 

EFFECTS NOT DIRECTLY CAUSED 
BY CAVITATION 

Ultrasonics are very effective in depolymenzmg 
large molecules in solution and the reactions with 
polystyrene, nitrocellu lo se 1 *, starch and protons 1 *' 1 * 
have been studied m detail There seems little doubt 
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that sufficient energy to rupture chemical bonds can 
be derived from the very great frictional forties set 
up by the relative motions of solvent and macro- 
molecule in an intense ultrasonic held J bcfuuD 111 
showed that the depotymenung effect with poly¬ 
methylmethacrylate was independent of the fre¬ 
quency used The denaturation of proteins in aqueous 
solution by ultrasonics is probably not caused by the 
actual rapture of the molecules but by an unfolding 
of the globular shape under the great shearing forces 
The liquefaction of gels undoubtedly has a similar 
explanation 

Wool can be made unshrinkable by exposure to 
ultrasonics 1 * Undoubtedly the scale structure on the 
Surface of the fibre is disrupted but without further 
research it 11 impossible to say whether this is 
attributable to the active oxygen produced, to 
mechanical disruption at the interphasc t e like re¬ 
moval of oxide film from metal, or to denaturation 
as for a soluble protein 

Ultrasonic irradiation of me tab usually decreases 
their anodic polarization and markedly reduces 
chemical passivity 1 * The mechanical removal of a 
surface oxide film does not offer a complete explana¬ 
tion for the observations and this is obviously a topic 
which is well worth further investigation 

Many claimi have been made that ultrasonics 
speed up or modify the course of a homogeneous 
chemical reaction Generally, insufficient precautions 
were taken to remove the heat produced and the 
rise in temperature would probably be sufficient to 
account lor the results There are, however, a lew 
reactions which are undoubtedly accelerated t g the 
hydrolysis of potassium persulphate 11 and the de¬ 
composition of bensazide 11 It is possible that the 
active oxygen produced functions as a catalyst 01 
that the reactions are in fact heterogeneous and that 
cavitation at the wall 11 responsible for the increased 
rate 

Many heterogeneous reactions, such as the dis¬ 
solution of metab m acid or their attack by sulphide 
ions 1 *, are greatly speeded up by irradiation with 
ultrasonics The explanation which seems most 
probable u that there u a reduction of the resistance 
of the so-called Nemst diffusion layer of liqpid next 
to the solid which is present even under the most 
efficient stirring conditions and is frequently rate 
controlling in heterogeneous reactions Thu hypo- 
thesu a supported by the olttervation that diffusion 
through membranes is greatly accelerated by 
ultrasonics 1 * 

1 

Rusuan workers have shown that ultrasonics 
accelerate the dyeing of cotton 1 * and the same effect 
was observed m thu laboratory for the dyeing of wool 
The rate of all dyeing; processes n diflftiqon controlled 


and there se ems no doubt that ultrasonics again 
disturb the diffusion layer of liquid next to the fibre, 
probably because of cavitation In all probabdity, 
ultrasonics also effect dyeing by breaking up aggre¬ 
gated dyes into smaller, if not molecular, units but 
no data arc available on this point 

Dr R Pohlmann J has studied the therapeutic 
effects of ultrasonics by using these to give * depth 
massage * to patients suffering from rheumatic 
diseases Spectacular cures for sciatica and neuralgia 
are claimed It would appear vital that these in¬ 
vestigations should be repeated in this country for if 
confirmed a new and Important therapeutic tool 
would be at hand 
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Rapid Analysis of Silicates 

Dr J GILLIS 

Analytical Chemistry Laboratory, University of Ghent, Belgium 


As an example of the rapid analysis of silicates we 
will take the analysis of clays These naturally 

occurring producti 
Tablt I have very variable 

fRanii qf ConstxU&nts tn Clays compositions, but it 

is possible to fix 
the limits of the 
different constituents 
between the follow¬ 
ing values, TabU / 

METHODS O* 
ANALYSIS OP CLAYb 

Every analytical 
chemist knows the 
theory or practical 
procedure of the classical methods for the separ¬ 
ation of these constituents 

/ fusion with sodium carbonate, precipitation and 
purification of silica , 

9 determination of the oxides Al a O u Fe a O f , and 
TiO a , 

5 precipitation of calcium oxalate and ignition to 
calcium oxide , 

4 precipitation of magnesium ammonium phosphate 
and ignition to magnesium pyrophosphate , 

5 the method of L Smith for the determination of 
sodium and potassium oxida 

It is well known that such an analysis is very tune 
consuming, that the best accuracy obtainable is of 
the order of i per Lent, and that the total of the 
elements determined as oxides is frequently equal to 
ioi per cent or even more In addition, an investi¬ 
gation carried out in the United States of America 
in 1906 showed that the analysis of the same sample 
of argillaceous rock, conducted in several laboratories 
specializing in silicate analysis, led to very discordant 
results, even for the analysis of the fundamental 
elements 

The important part played by specialized chemists 
such as W F Hillebrand and G E 1 Lundell 1 
in establishing recommended analytical procedures 
as standard methods for mineral analysis » widely 
recognised In spite of this, these standard classical 
methods remain long and difficult, and require the 
training of qualified analysts Thus it is highly 
desirable to have available analytical methods for 
clays which can rival the classical methods in ac¬ 
curacy whilst allowing results to be obtained in far 



less time and by the use of less highly trained 
analyits 

The spectrochemical methods of analysis have 
been put to use in this field, partly through absorp¬ 
tion spectroscopy (or colorimetry) and partly through 
emission spectrography by means of an arc or spark 
The colorimetric method has been perfected by 
R Hamit 1 of the Royal Institute of Technology of 
Stockholm , the emission spectrography method 
has been perfected by J Gilld and J Esckhout" 
of the Analytical Chemistry Department of Ghent 
University 

We shall here briefly compare these two methods 
which both show advantages for the analysis of days 
and natural and artificial silicates t g cements and 
blast furnace slags 

GOI ORIMKTRIC METHOD 

Hedin prepares thrte solutions of the clay sample 
Dir first solution, for determination of SiO,, Al a O,„ 
Fc a O», and TiO a , is obtained by fusion of o a gm 
clay with sodium carbonate, precipitation of gela¬ 
tinous silica by hydrochloric acid, filtration from 
chlorides of iron, aluminium, and titanium, and 
solution of the silica in sodium hydi oxide to form 
sodium silicate Each filtrate is made up to z litre. 
The silica is determined colorutietncally in this 
solution by the yellow colour produced on forming 
tihcomolybdic acid, the Al a O B by the yellow colour 
formed with alummon, the Fe a O a by the red colour 
formed on addition of potassium thiocyanate, and 
the TiO a by the yellow colour produced by hydrogen 
peroxide 

The second solution, for the determination of 
calcium and magnesium oxides, is obtained by fusion 
of o 5 gm clay with sodium carbonate, precipitation 
of silica with hydrochloric acid, addition of hydrogen 
peroxide to dissolve MnO a as the chloride, precipi¬ 
tation of iron, aluminium, and titanium as their 
hydroxides by ammonia, and filtration of the solution 
into a 350 ml graduated flask The precipitate is 
re-dissolved in hydrochloric acid, re-preapitated by 
ammonia and washed with four portions of a per cent 
ammonium chloride solution The washings are 
added to the filtrate in the 250 ml flask, the whole 
acidified with hydrochloric acid, and made up to 
250 ml Calcium oxide is determined by precipi¬ 
tation as calcium oxalate and titration with deci- 
normal potasnum permanganate in the presence of 
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dilute sulphuric acid Magnesium oxide is deter* 
mined colonractncally by means of titanium yellow 
which, on co-precipitation with magnesium hy¬ 
droxide, produces a red coloration 

The third solution, for determination of alkalis, n 
obtained by treating a gm clay with hydrofluoric and 
sulphuric acids, followed by neutralizaUon with 
ammonia to pH 5 (methyl red) and washing of the 
precipitate with hot water JThe filtrate u made up 
to 200 ml in a graduated flask Sodium oxide is 
found by precipitation with zinc uranyl acetate and 
tbtimated colorimetncally by the brown coloration 
loimed with uranium in presence of hydrogen 
l>croxide and ammonium carbonate Potassium oxide 
u found by precipitation with chloroplaUnic acid and 
addition of potassium iodide, when a red coloration 
is formed due to the Ptf # *“ ion 

H< din gives a similar m heme of operation and 
shows that the complete analysis of a clay can be 
finished within eight hours 

As for the analysis of kaolin, for example, these 
resufU are comparable in every way, according to 
Hedin, with the lesulls obtaimd by classical gravi- 
mttiii iik thuds, su 7 abU II 


IttbUU Umlysts of haulm 


Cons ti turn! ■ 

Cratniminc analysis 

Colorimetric analysis 

1 

per lent 

percent 

SiO, 

466 

1 466 

A 1 .C, 

37 

1 378 

»c.O, 

0 8 

I 0 7 

TiO, 

0 1 

i 0 1 

CUO 

0 1 

| 0 1 

MgO 

0 2 

i 0 1 

K.O 

1 1 6 

1 17 

Na t O 

«3 

1 03 


Hedin’s method is equally applicable to the analysis 
of mica, lcldspar, sands, slags from blast furnaces, 
and cement It icquires a combined colorimeter 
and ncphelomcter with two photoelectric cells of 
the selenium barrier layer type, connected by a 
compensating circuit to a galvanometer as null point 
indicator Its use 11 very simple and calibration is 
earned out with standard solutions of known com¬ 
position This method constitutes an appreciable 
advance in the analysis of silicates, especially m 
Industnal analysis 

>< MISSION bl>k( IKOOKAMHIl METHOD 
i he method of analysis based on emission spcctro- 
graphy involves the preparation of a ‘ master 
solutim’ lor the determination of Al a O a , It a Oj, 


TiO a , GaO, and MgO This is made up by dissolving 
1 gm clay in hydrofluoric and sulphunc acids in a 
platinum crucible so as to volatilize the silica After 
evaporation to dryness the residue is taken up in 
hydrochloric acid and warmed to dissolve the salts 
completely This is again evaporated to dryness and 
re-dusolved m 10 ml of a standard copper sulphate 
solution containing 2 5 gm copper in 1 litre of 2N HG 1 
A measured quantity (o 02 ml) is evaporated on a 
graphite electrode of 5 mm diameter with a flat 
surface, previously cleaned by a preliminary dis¬ 
charge for 60 seconds The upper electrode is also 
of graphite and the excitation is by intermittent aic 
(2 periods of arc dischai ge for 10 periods of extinction) 
lhe intensity of the lines is compared with that of 
the copper, which iumishts an internal standard 
lhe cuivcs produced peimit of the determination of 
the following 

Al^O, at a c onct ntration langc of *jo-i per cent 
i'egG^at a concmtiation range of20-0 1 percent 
TiO t at a concentration range of 3-0 1 percent 

GaO at a concentration range of 3-0 1 per cent 

MgO at a concentration range of 3-0 01 per cent 

Na a O at a concentration range of 1 pt r cent 

1 01 lhe determination of sodium oxide down to 
concentiations of about o 1 per cent and of potassium 
oxide down to about o 4 per cent, the rnastei solution 
described above must have 1 ml of a lithium car¬ 
bonate solution containing 10 per cent lithium added 
to it as an internal standard For the determination 
of still lower concentrations of sodium and potassium 
oxides, recourse must be made to chemical concen¬ 
tration of a solution of the lulphatcs In order to 
do this, 1 gm of the clay is treated with hydrofluoric 
and sulphunc acids, evaporated to dryness, and 
ignited at 900°C this ignition decomposes the 
sulphates ol the Ictravalcnt metals (Ti), tnvalent 
metals (Fe and Al), and magnesium, to insoluble 
oxides On taking up the 1 esidue again in water, 
nothing remains m solution except sodium and 
potassium sulphates and very small amounts of 
calcium and magnesium sulphates The aqueous 
solution obtained by extraction of the ignited sul¬ 
phates is evaporated to dryness and the residue 
dissolved in 1 ml of the same solution of copper as 
was used for the master solution 

A drop (o 02 ml) of this solution, evaporated at 
qo°C on a 5 mm diameter Hilger graphite electrode, 
alter absorption and evaporation of a drop of xylene, 
deposits a small crust of salts in position With an 
intermittent arc one may carry out determinations 
of sodium down to 00a per cent and potassium 
down to o 2 per cent (as the oxides) With an infra¬ 
red sensitive plate it is powblc under the same 
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conditions to go down to o 005 per cent for sodium 
oxide and o 03 per unt for potassium oxide The 
mean error of all lhei»c results is of the order of 
<> jki cent ul the figute obtained 

Silica is determined by difleitnct, alter llie addition 
ol the various percentages Jound 1 his is the weak 
point of the technique based on solution in a hydro¬ 
fluoric/sulphuric acid medium otherwise the method 
is perfectly rt producible and extremely rapid , a 
single solution is sufficunt m practice provided that 
the alkali metals do not have to be determined at 
low concentrations 

Still more rapid determinations may be earned 
out by working directly on a specimen of finely 
powdered day In order to do this, o 1 gm clay, 
o 4 gm copper oxide, and o 5 ml alcohol are mixed 
in an agate mortar and ground finely until the 
alcohol has completely evaporated Ihr mixture is 
dispersed in 1 ml alcohol, and, 111 order to deal with 
the whole of the suspension, it is withdrawn by 
means of a glass tube of diamrtrr lens than that of 
the flat electrode, and placed on the electrode f the 
alcohol disappears by absorption and evaporation 

With sparking, the powder on the electrode is not 
projected, and under these conditions the excitation 
can be earned out m a very reproducible way The 
standardization curve must always be established 
using natural clays, analysed by classical gravimetric 
methods The physical nature of the argillaceous 
mineral is vtry important hue 

J bus om may dctciimnc ilu iollowing down to 
llu minimum com (filiation indicated 
SiO i in all piopui lions 
A1jO b ui all proportions 
1 C|O b down to i per cent 
[ iO, down to o 5 per cent 
CaO down to o 5 per rent 
MgO down to o 3 per cent 

Sodium and potassium oxides cannot be deter¬ 
mined in this way, since the spark method is too 
insensitive The rcpioducibility for the other 
elements of this method on powder is excellent, 
with a mean error of 3 to 5 per cent The analysis 
of a powdered clay is extremely rapid , it consists 
of the Um< required for mixing with copper oxide 
and grinding in alcohol, taking one negative, 
developing and drying, measuring a dozen wave¬ 
lengths photometrically and reading the percentage 
composition from the calibration diagrams In total 
a maximum of fifteen to twenty minutes is required 
lor the determination of the principal constituents, 
except for the alkali metals For the latter it can be 
stated that the preparation of a solution and the 
determination can be earned out in comparable 
limes by the emission 'Hid cnloumetiic methods 


Blast furnace slags 4 have the mean composition 
shown in Table III 

7 able III 

Range of Constituents in Blast human Slags 


Constituent 

Per cent range 

hiO, 

CaO 

3 

35 -60 

MgO 

FeO 

1 -20 

J -jo 

MnO 

a —30 

AljO* 

P. 0 , 

1 - 3 

01-3 


They can be analysed by a spectrographic method 
analogous to the above on powder, using either 30 mg 
with 90 mg copper oxide (as diluent and internal 
standard) or 30 mg with 90 mg graphite (as diluent), 
in each case using Fuessner’s condensed spark 
technique 

The mean square errors for a single determination 
arc 6 per cent for Mg, Mn, and Al, 7 per cent for 
Fe, and 9 per cent for Ca On the other hand the 
results are obtained m less than 15 minutes with 
sufficient precision for industrial analytical control 
of blast furnace slags 

The same method is applicable in principle to the 
analysis of mica, feldspar, cement, and m general 
silicates of fixed type, after preliminary construction 
of calibration curves 

SptUiographir analysis by emission, ol powdered 
substances (days 01 blast furnace slags) necessitate* 
slandaidization, not with artificial anxious of oxides, 
but with natural silicates of the same type, previously 
analysed by classical gravunetnc methods We cannot 
emphasize this point enough it is essential for 
obtaining satisfactory results by our method If these 
types of natural silicates are not available, methods 
using solutions must be relied upon Artificial mix¬ 
tures of oxides can then be employed by treatment 
with hydrofluoric and sulphunc adds arid combina¬ 
tion with the copper sulphate solution desenbed 
above 

Thanks are dm to J Bowler Reed fik translating this 
article 
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Ir u well known that the strength of permanent 
magnet! has greatly improved during the last few 
yean 1 , an improvement due mainly to the increase 
in coercive force of permanent magnet materials 
Hence it can be understood that modem permanent 
magnets have properties which could not be satis¬ 
factorily explained by any theory until comparatively 
recently 

It was with a view to this lack oi fundamental 
knowledge that the Pi rmanent Magnet Association 
decided, in 1942, to set up the Central Rcsiarch 
Laboratory The work of thu umt is divided into 
a number of sections, the most important of which 
11 the further development of practical materials 
aiming mainly at the improvement of energy content 
xe efficiency of permanent magnets of a given 
volume However a substantial effort is also devoted 
to the study of those physical properties of alloys 
which are thought to be of basic influence on mag¬ 
netic properties, especially on coercive force The 
study of fundamental problems u of great assistance 
to the practical technologist who u aiming at a 
bettei commeicial product 

In older to appreciate Ihi problems winch are 
mil with in the fundamental study oi magnetically 
lurd substances it is necessary to give a bnei outline 
of our present stall of knowlcdgi of those features 
which influence magnetic piopertics, especially co¬ 
ercive force 

1 or the design of an efhcienl permanent magnet 
the most important characteristic of the material 
must be a high A permanent magnet m 

ordinary circumstances works under the influence of 
its own demagnetizing field, hence the working point 
will lie somewhere on the demagnetization curve. 
Figure 1 rhe (BH)^ point is that point on the 
curve at which the product of induction B and field 
strength H is a maximum , this product is propor¬ 
tional to the maximum value of energy which a given 
volume of magnet material can deliver into an air 
gap 1 It is not difficult to understand that for this 
product to be high both remanence and coercive force 
should be high , furthermore the demagnetization 
curve should be as full as possible t * it should 
approximate as far as possible to a rectangle Early 
materials used for permanent magnets, such as 
carbon and tungsten steel 1 , had remanence values of 
the order of 10,000 gauss and, having regard to the 


highest values 
of intrinsic 
magneUzation 
of any known 
material, a 
great improve¬ 
ment in rem¬ 
anence cannot 
be expected 
The early ma¬ 
terials had co- 
r reive forte* 
of about fifty 



BxH 


bxgure 1 Demagnetization curve and energy 
product curve for a permanent magnet material 


oersted, and there the greatest improvements have 
taken place The best modern permanent magnet 
alloys have coercive forces of the order of 1,000 
oersted 


PHYSICAL AND METALLURGICAL CONSIDERATIONS 
IN PERMANENT MAGNET MATERIALS 

Among the physical and metallurgical conditions 
which have to be fulfilled in order to obtain high 
coercive force the most important u the develop¬ 
ment of a high degree of hetciogencity in the material 
In order to illustrate this in more detail let us 
remember that any magnetic material is divided 
into a large number of domains each of which is 
spontaneously magnetized to aatuiauon Any change 
in the overall magnetization can only be brought 
about either by movements of the boundaries between 
the domains or by rotations of the magnetization 
vectors within the individual domains 

It has been shown that at each point in any 
magneuc material the magnetization will lie m that 
direction which is a so-called easy direction te a 
direction*in which it requires least energy to mag¬ 
netize the material Figure a shows the energy dis¬ 
tribution for a point in a cubic lattice , in curve a 
the energy distribution arising from magnetocrystal- 
line anisotropic forces alone is given R Becker* 
and colleagues have shown that the energy distri¬ 
bution curve can be modified if stresses are present 
in the material, and the easy direction of magnetization 
need not necessarily comade with a principal 
crystallographic axis, Figure * curve b In order to 
produce a rotation of the magnetic vector firom one 
stable position to another an energy maximum must 
be overcome , m ordinary materials such as soft iron 
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movements of domain boundaries usually take place 
long before the magnetizing force necessary for such 
a rotation is reached tor example if no boundary 
movements took plat c the coercive force of pure iron 
would be about 100 oersted, while actual measured 
valuts ait only ol the order oi i oersted I his is 
indirect evident i that boundaty ino\ urn ills takt 
place beftae irreversible rotations II we now con¬ 
sider that boundary movements occur be Foie such 
lotations from one stable position into anothu, one 
problem of interpreting coercive force is the estimation 
of fields necessary for irreversible boundary move¬ 
ments The coercive force corresponds to the 
average value of field required for irreversible 
changes, either boundary movements or rotations, to 
take place 

The boundary between two domains is a layer of 
some hundred atoms thick in which the vector of 
magnetization changes its direction gradually from 
that ol one domain to that prevailing in the other 
Such a boundary possesses an energy equivalent to 
a surface tension which depends on the exchange 
interaction between neighbouring atom*, the mag- 
netocrystalline energy and any irregular stresses or 
lattice imperfections The first two contributing 
factors are constant throughout a crystal but the 
third vanes from place to place and influences the 
boundary energy m a rather complicated way 
However the boundary tends to take up a position 
in which its total energy is a minimum , such a 
position is stable On the application of a field the 
boundary will be moved as indicated in Figure 3 , 
il it is moved far enough to overcome a local maximum 
it can glide into another stable position, thus having 
undergone an irreversible displacement 

IT the micro*Uewes and lattue irrcgulautic* au 


accurately known the held required to pioduce such 
displacements ran be calculated In the absence of 
such exact knowledge, however, simple models have 
to be devised A model which has been used exten¬ 
sively for materials containing large micros tresses 
has been proposed by Becker* and the coercive force 
can be calculated accordingly as 

(0 

where p 1 is a function of the parameter d//, <5 being the 
boundary thicknew, and / the average wavelength 
of tncigy variation, - is the avciage value oi the 
imerostrewes, X t the saturation niagnc tostin turn 
constant and H c and J t have the conventional sig- 
nifudp'r oi lou tivi lorcc and salutation magnetiza¬ 
tion icipectively Tht factor p x takes a maximum 
value of ^ m a material in which the strew variations 
have a wavelength of about half the boundary 
thu knew 

In materials where the crystal anisotropy is large, 
variations m microstresscs will not influence the 
domain boundary energy significantly In pure iron, 
for instance, stresses associated with an energy 
cqmvalf nl to the magnctoc rystallmc anisotropic 
cucigy air constdeiably beyond tht tensile limit and 
it ib difficult to see how such stresses could be present 
lhis iact was recognized some years ago, conse¬ 
quently an alternative model was suggested by 
M Kerstfn 4 in which obstacles to boundary move¬ 
ments were attributed to non-magnctic inclusions 
Since the boundary energy is constant throughout a 
crystal in which the stress contribution is small 
compared with that arising from the magneto- 
crystallinc energy, the total boundary energy depends 
only on the total boundary area, consequently if a 
boundary includes a non-magnctic particle its extent 
will be reduced and such a position will be a stable 
boundary position In Figure 4 a model is shown in 
which a boundary would have stable positions in 
those places where a majority of non-magnctic in¬ 
clusions are part of the boundary Upon application 
of a magnetic field the boundary will tend to move 
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and at a certain held 
an irreversible jump 
into the next stable 
position will occur 
The average field 
required to cause such 
a jump can be cal¬ 
culated, giving a co¬ 
ercive forco of 


o g o 

Vr what v 1* the total 

. M , . fractional volume of 

bwurt 4 Domum bowman w _. 1 

stZbU pinhon dm to n on.m 4 nrt U non-magnctic inclu- 
mclunons Field H tends to moos wons, K is the con- 
boundary w direction qf small arrows stant ol magnetocrys- 

talline energy and p t 
a function of djd, d being the boundary thickness 
and d the average diameter of the inclusions 
Maximum coeicive force is achieved when the 
diameter of the inclusions is equal to the boundary 
thickness, p t then becoming 4 A senous criticism 
of Kerstcn's inclusion theory is that it neglects the 
contribution of the sell-demagnetizing energy asso¬ 
ciated with the non-magnctic inclusions, which 
depends entirely on the shape and size ol the in¬ 
clusions For spherical inclusions of diameter equal 
to the domain boundary thickness m iron the energy 
term arising from this cause would have about a 
hundred tunes the value of the domain boundary 
energy change between stable and unstable positions 
It is clear that consideration of this demagnetizing 
energy Is complicated and would alter the calculated 
coeruve force decisively tor laminar inclusions 
or for large non-magnetic inclusions some of the 
ideas of Kerstcn's theory remain applicable 


lhe expressions for coercive force arrived at by 
both theories which attribute magnetic hardness to 
obstacles in the movements ol domain boundaries 
rely on the amimption ol periodic and regular stresses 
or inclusion patterns as well as on plane domain 
boundaries There is evidence that in many sub¬ 
stances these assumptions would be fulfilled, but such 
assumptions arc not satisfactory for the general 
theory In fact if the various physical properties of 
some permanent magnet materials are measured the 
correspondence with either of the above theories is 
somewhat unsatisfactory 1 he theoretical conditions 
have been examined m detail by L N4 el*, who 
found that if no assumptions about regularity of 
domain boundary and lattice faults are made, cal¬ 
culated coercive forces are only a few per cent of 
the measured values N6el has therefore proposed 


a different mechanism responsible tor stable domain 
boundary positions If a material is perturbed by 
inhomogeneity or stresses the spontaneous mag¬ 
netization within a given region is not quite uniform 
and we have the equivalent of small islands of free 
magnetic charge* Such islands represent a high 
internal energy and if they are bisected by a boundary 
forming magnetic dipoles with a smaller moment the 
total energy of the assembly u reduced Thu u 
illustrated by Figure 5 where under a an unstable 
and under b a stable domain boundary is shown 
The thickness or 
c nergy content ol the 
domain boundary be - 
comes of secondary 
importance and ob- 
blacles to boundaiy 
movement* arc en¬ 
tirely dependent on 
the perturbation of 
the magnetization 
intensity itself which 
can be due to irregular 
stresses or heterogen¬ 
eous inclusions I he 
mathematical evalu- Itgurs 7 a wutabU b stable 
ation ol the coeicive pouhon\ oj domain boundary m a 
force baked on this P' , ‘ urtut b tstand* 

model ik very difficult, Jm magMbe du "* u 
but N6d has earned out the calculation, amving at 
the following expressions With the perturbation due 
mainly to irregular stresses the coerciv e force becomes 

4 v^L (}U) B 

J, Jr+Jrf* 

<3) 

where all symbols have the same significance as 
before and L and r are parameters depending on 
the ratio of magnclocrystalbnr eneigy to stress 
energy v* represents the fraction of the total volume 
which u subject to perturbations or irregularities 

? If the perturbations are due to heterogeneity te 
to an irregular variation of the absolute value of the 
spontaneous magnetization, we arrive at the coercive 
force 




where J/ is the mean squate of magnetization and 
J m the arithmetic mean of the saturation magnetiza¬ 
tion 1 e the value measured in a macroscopic sample 
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Equation 4 has been found to be of interest in 
the study of permanent magnet alloys and it has 
been possible to measure most of the quantities 
appearing in this formula Before discusing our 
own experiments it is of importance to mention the 
significant contribution made to the theory by E C 
Stoner and E P Wohlfarth* 

Let us consider a small element in the shape of 
a cube of magnetic material The element can either 
be magnetized uniformly t # it can be a single 
domain , in that instance there is associated with 
this arrangement a demagnetization energy 
where JV is the demagnetizing coefficient Alter¬ 
natively the element can consist of several domains 
so that the surface magnetization disappears as in 
an ordinary non-magnetized body There is then an 
energy associated with the domain boundaries which 
can be shown to be of the order 



where / is the exchange saturation energy per atom, 
a the lattice parameter, and l the length of cube edge 
It is dear that if this domain boundary energy 
arising from the exchange force is greater than the 
demagnetization energy of the single domain, the 
dement will be a single domain uniformly mag¬ 
netized This condition is fulfilled for an element 
of any material below a given size depending on 
shape For a sphere of iron the limiting diameter 
is of thr order of io" # cm For a prolate ellipsoid 
the long axis of thr limiting size becomes longer the 
greater the axial ratio Consider now a material 
consisting of a non-mag nr tir matrix in which are 
embedded magnetic inclusions If the included par- 
tides are below the critical size for single domains 
we have a material in which each domain is isolated 
and no domain boundary movements can take place 
The only change in magnetization which can occur 
is that due to rotations within the domains If such 
partides have an anisotropy of shape, cr>stal energy, 
or stress there exists a critical field at which rotations 
arc u reversible and the average coercive force can 
be calculated as 

F * ( 6 ) 

Ji 

where F m is the energy associated with the anisotropy 
1 1 the energy required to rotate the magnetization 
from an easy into a difficult direction 

For stresses, crystal anisotropy and ellopsoidal 
shape anisotropy only, F m becomes respectively F# 
F k and F+, where 

\ 

Ft " K (7) 

**-*(*» W3.' J 


JV* and N m being the demagnetization factors along 
the short and long axes respectively 

Inserting any of these values m equation b we 
obtain values for the maximum coercive force , the 
difference between that theoretical maximum and 
the actual value gives a measure of the relative im¬ 
portance of domain boundary movements compared 
with rotations of domain magnetization 

Results of experiments on iron-ruckd-aluminium 
magnet alloys suggest that these alloys in their fully 
heat treated condition are in a state of heterogeneity 
in which there are magnetic islands, probably of 
single domain particle size, with a strong cubic 
anisotropy, these are not surrounded by non¬ 
magnetic, but rather by more weakly magnetic, 
material The high coercive force found in these 
materials is probably mainly due to the fact that 
boundary movements play a secondary role while 
rotations of magnetization are of primary importance 
A material of this kind can be quite adequately 
described by a slight modification of NGel's theory, 
introducing some of Stoner and Wohlfarth’s ideas 

On the basis of such a model 7 it is also possible to 
understand the directionally anisotropic properties 
of a magnet of one of the recent materials which are 
heat treated in a magnetic field to increase the energy 
product in a chosen direction 

EXPERIMENTS MADE IN THE CENTRAL 
RESEARCH LABORATORY 

in uidtr to arrive at an interpretation ot the high 
coercive forte of permanent magnet alloys, and to 
decide which oi the proposed models can best account 
for the observed magnetic hardness, it is necessary 
to know the actual values of all physical constants 
appearing in the theoretical expressions A search 
through existing literature has shown that very few 
published data are available, hence we have attempted 
to make such measurements as were required In 
the first place our experiments were limited to the 
explanation of coercive force, leaving directional 
treatment m a magnetic field out of account Hence 
all subsequent experiments refer to alloys which had 
been given the commercial heat treatment, without 
the application of a magnetic field Thu work u 
not yet complete, especially regarding measurements 
on some new alloys which have been recently added 
to the range of commercial permanent magnet 
materials 

The first attempt was naturally to test the validity 
for magnetic alloys of the ample stres theory 
A J Bradley and A Taylor* found m their x-ray 
investigation of the iron-mckd-aluminium system 
that alloys near the composition FoaNiAl are single 
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phase at high temperatures, separating into two 
body centred cubic phases with nearly equal lattice 
parameter at low temperatures Hence it wan 
suggested by their authors that during the con¬ 
trolled cooling given to commercial magnet alloys 
the precipitation process was initiated small islands 
of the second phase were formed but did not break 
away from the parent lattice, thus setting up great 
stresses 

Experiments were thereJore carried out on Fe t NiAl, 
which is almost identical with the commcrc lal alloy 
known under the name of Aim 

An alloy of 27 9 per cent nickel, 1 2 67 per cent 
aluminium and the rest iron was prepared, and thi 
heat treatment developing maximum magnetic hard¬ 
ness was applied After this treatment the coercive 
force was 454 oersted 

The product can, according to Becker's 

theory, be determined from measurements of the 
initial susceptibility , this gave A^c, — 3 62 x 10 1 
erg The value of saturation magnetization could be 
measured as J s ** 680 c g s units 

Thus according to equation 1 p x would be 083 
i # it would be of the expected magnitude 

However the magnetostriction constant A, is found 
to be only about 6 X io~ # , hence would have to 
be 6 X to 1 * dynes/sq tm (in practical units boo kg/ 
sq mm, or 380 ton/sq in) a value which is far in excess 
of what could be assumed as reasonable Hence it 
did not appear likely that the simple stress theory 
was applicable here 

In a fully treated sample of Alcomax II alloy 
(nominal composition 11 per cent nickel, 21-24 per 
cent cobalt, 4-6 per cent copper, 8 per cent alu¬ 
minium) the initial susceptibility indicated a A^c, 
value of 7 32 X io B erg, J, being 1,075 c g s units 
With a cocrcivity H € = 510 oersted p x would be 
075 \e again of the required magnitude In this 
instance the magnetostriction is fairly large, A i 
(isotropic) - 20 x io~ 4 ,givingt, -37 X io ,# dyne/ 
sq cm, a smaller value than in Aim , but still 370 kg/ 
sq mm (240 ton/sq m) Thus in Alcomax II the cal¬ 
culated micros tress is approaching a practicable 
value, and another critical experiment was performed 

If the stress model is correct then e, can be deduced 
from the change in remanencc when a homogeneous 
stress is applied The experiment was earned out 
on a sample of hardened Alcomax II, giving e, about 
twice the value denved from measurements of initial 
susceptibility and saturation magnetostriction 

Bearing m mind the essential umilanty of all 
aluminium-nickel type magnet alloys it appears that 
the simple stress model is not adequate to describe 
the origin of their coercive force 


The inclusion model of Ken ten was ruled out, 
because detailed microscope studies did not reveal 
any large non-magnetic inclusions m any of the alloys 

Furthermore, if the non-magnetic inclusions are 
not visible there is no direct method of measuring 
the actual volume occupied by them, and since their 
shape is also unknown a comparison with theory 
which would be at all significant is not possible 

However, there w indication of a more or less 
periodic change in composition throughout the 
lattice, and the periodicity appears to be of the order 
of magnitude of the critical dimensions for single 
domain particles, 10 4 to 10 8 cm (A peculiarly 
regular pattern could be observed in the micro- 
structure under the highest optical magnifications 
Electronmicrographs kindly taken by Dr J Nutting, 
Cavendish Laboratory, Cambridge, whilst being in¬ 
conclusive because of technical difficulties, appear to 
give a nncrustructure of a particle size, or periodicity, 
of 10” 4 to 10" 4 cm ) Hmcc whilst we cannot have 
isolated magnetic islands, as required in Stoner and 
Wohlfarth's single domain model, there is possibly a 
variation in intrinsic magnetization as envisaged by 
N6el l his view is supported by detailed inspection 
of J t against T and dJJdH against T c urves, showing 
that the alloys do not possess one sharp Curie point, 
but that there is a more gradual dtcreasr in mag¬ 
netization than in pure metals or single phase alloys 

Consequently it was necessary to measure the 
crystal energy K and the root mean square j, of 
the magnetization, s<e equation 4 

Approximate measurements of J g can be made 
from the approach to saturation curve, and this was 
done for Alcomax II, Alcomax IV and Hycomax alloys, 
all of which belong to the iron-mckel-alumimura- 
c obalt-copper group of alloys with individual varia¬ 
tions in composition and treatment 

If single crystals are not available the magneto¬ 
crystalline energy K can be found in stress free 
materials, cither from the approach to saturation or 
from the reversible energy of magnetization In our 
alloys thr conditions of being stress free 11 certainly 
not fulfilled, but a study of the magnetostriction 
properties* of these alloys showed that the anisotropy 
(even if not due to crystal forces only but also to 
heterogeneity, stresses, or a superposition of all these 
causes) is essentially of the same symmetry as the 
crystal lattice, hence we can measure a quasi-crystal 
energy K 'm which the contributing causes cannot 
be separated 

Only preliminary measurements of K 9 have so far 
been earned out, and_these, together with some 
approximate values of J t used in equation 4 appear 
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to give good agreement with the measured H t for 
Alermax II and Hycomax 

Hit calculated coercivilie* are ihown in Table 1 
and arc compared with measured values of the same 
alloys, not neressanly taken from the same cast 


TabU I 

Companion qf E x perime n tal and Theoretical Valuer of Coercive 
bones m some Permanent Magnet Allqys 



Omamfe/n 

t H s •mtUd 

Alter 


CaitmkHdfr* m 

ffMftM 4 

jMtnQtt Atimmx U \ 

he r drmt mh 

■Y1 

jod 

Jklh ttMtmt 

im 

4 Y> 

/wf rwOu Mwwt 

herd Mi m/i 


40 *> 

Jmtfy f ttnkd 

7J0-7V1 

H Is 

IsMroime /l 

hardtrmd mt\ 


iBIl 

fully trmUd 

1*> 

■43 


With Alcomax IV the agreement is very unsatis¬ 
factory, but it was found that the particular sample 
used was not representative of a polycrystallinc 
material, m that it had mainly unidirectional rather 
than randomly orientated crystals In that instance 
it is clear that measurements of K f might differ from 
the true value by a largr factor 

The original method of measuring the approach 
to saturation and the reversible energy of magnetiza¬ 
tion which provided the data necessary for the cal¬ 
culations was not satisfactory A more accurate 
method has been devised and a detailed study of a 
great number of permanent magnet alloys is at present 
in progress 

The agreement between theory and experiment 
found in some alloys so far justifies the hope that the 
proposed mechanism is indeed the major factor con¬ 
tributing to the magnetic hardness 


Thus it is gratifying to find that the very high 
coercive forces and-stored energy of modem 

permanent magnet alloys does not have to be ex¬ 
plained by variations in the eneigy df domain 
boundaries, which occupy only a small fraction of 
the total volume The cause for the measured proper¬ 
ties resides rather m the bulk of the material These 
conditions are expressed in some way by the very 
high values found for K\ the quasi-crystal anisotropy 
(1 X io* to 9 X io a erg/cc) and by the high degree 
of magnetic heterogeneity (J, =■ 1 10 Jr to 1 20 J t ) 7 
The simultaneous study of the origin of the mag¬ 
netic anisotropy of some of these alloys produced by 
the cooling m a magnetic field has also yielded 
valuable results published elsewhere* so that it » not 
unreasonable to hope that a complete and compre¬ 
hensive picture of the elementary processes responsible 
for the remarkable properties of modem iron-mckel- 
aluminium type permanent magnet alloys will be 
arrived at 

I wish to expreti my thanks to Dr M McCaig qf ike Per - 
manent Magnet Association , who hat earned out most qf 
the experimental measurements ref erred to in this review, for 
constant advice and valuable dtscutnons, and to the Per¬ 
manent Magnet Association for permission to publish this 
account 
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Miscellaneous Notes 


NEW YEAR HONOURS 

The New Year Honours list issued on 1 January 1950 
included the following 

Knight Bachelor — Professor A G Ianslby, Chairman, 
Nature Conservancy 

KB E — F Brundrrit, Chief of the Royal Naval 
Scientific Service. 


ROYAL SOCIETY 

The President of the Royal Society has appointed the 
following Vice-Presidents for the ensuing year , 

Sir Thomas Merton —Treasurer of the Royal 
Society 

Sir Edward Salisbury, g b ■ — Biological Secretary 
of the Royal Society, Director of the Royal 
Botanic Gardens, Kew 
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Sir David Brunt — Physical Secretary of the Royal 
Society, Professor of Meteorology, Impenal 
College of Science and Technology 
Professor C E Tiiify - Pi ofessor of Mineralogy and 
Petrology, University of Cambridge 

APPOINTMENTS 

London Unwernty — Dr E H Baj dwin has been 
appointed to the University Chair of Biochemistry, 
tenable at University College from 1 January 
Professor HEM Barlow, Professor of Elec¬ 
trical Engineering at University College, has been 
appointed to the Pender Chair of Electncal 
Engineering, tenable at the College from 1 October 
1950 He succeeds Professor R O Kapp who is 
retiring at the end of the 1949-50 session 
The title of Professor of Chemistry m th< 
University has been conferred on Dr K Lonsdai f, 
frs, m nspecl n( ihi ]>ost hi Id l*v hei 
Universily College 

1 he title of Professor of Aeronautical Engineering 
in the University has bten conferred on Dr N A V 
Piergy m respect of the post held by him at Queen 
Mary College 

Manchester University— Professor C W Wardlaw has 
been appointed Dean of the Faculty of Science 
(ommonwealth Bureau of Dairy Saenu , Reading — 
A W Marsdrn has been appointed Director of 
the Bureau and took up his duties on 1 January 
Commonwealth Scientific and Industrial Research Organiza¬ 
tion, Australia —Two new <hufs of CSIRO 
Divisions have been appointed Dr W Boas suc¬ 
ceeds Dr S H Bastow as chief of the Division of 
Tnbophysica and f J Lehany succeeds Dr D M 
Myers as Chief of the Division of Electrotechnology 
a unit of the National Standards Laboratory 

ADAMS PRIZE 

Hus Prize, offered by the University of Cambridge 
for an essay on a mathematical, astronomical, or 
natural philosophical subject, has been awarded 
equally to DrJ C Buretll, Cambridge, Dr S 
Chandrasekhar, Chicago, H W Hayman, Exeter , 
and PiofessorJ M Whittaker, Liverpool 

OOMMONWEALl H SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION, AUSTRAT IA 
Wool is of the utmost importance to Australia, being 
its rruyor export and allowing the use of marginal 
land In developing the programme of agricultural 
research CSIRO has been concerned with soil, 
plant and animal aspects of the growth of wool 
Sod fertility is of prune importance and out¬ 
standing results have been achieved in combating 


soil infertility arising from minor clement deficiencies 
On the plant side, too, special emphasis has been 
placed on pasture investigations and on weed control 

Further study has been made of the limitations 
imposed on the health and productivity of animals 
and plants by deficiencies of cobalt, copper, zinc etc 
Special attention has been paid to the effects that 
the chronic ingestion of molybdenum has on copper 
metabolism Results of the research earned on show 
that ingestion of moderate amounts of molybdenum 
hasten the effects of copper deficiency in sheep on 
copper deficient pastures 

Other aspects of the problem considered include 
the effect of nutrition on wool production, processes 
of rumination, energy metabolism, vitamin require¬ 
ments grnrtiral studx 1, diseases 'ind parasites 

SPF( TROTH (MICA Af TA 

l he publication ot S fiectmhimua Acta has been taken 
over by Butterworth-Spnnger I td, and the first 
number of the fourth volume will appear shortly 
under the new imprint The first two volumes of 
the journal were published by Spnnger-Verlag, 
Berlin, to provide an international medium of 
publication for papers on emission and absorption 
spectroscopy applied to analysis, and on the physics 
of light sources A third \olume was published 
in 1947-8 jointly by the Valican Press, Caste! 
Gandolfo, with Spnngir-VtHag, Heidelberg 

The Editorial Board consists of representatives of 
the United Kingdom, thr USA, France, Belgium 
Germany, Italy and Spain Papeis will be published 
as hitherto in English trench and German Con¬ 
tributions in English should be sent to E H S 
van Someren, at 4 Church fields, Broxboume, Herts 

ENDEAVOUR PRIZES 

Imperial Chemical Industries Ltd, publishers of 
Endeavour , have offered the sum of 85 gns to be 
awarded as puses for essays on a scientific subject 
The main purposes of the awards arc to stimulate 
younger scientists to take an interest m the British 
Association for the Advancement of Science, and to 
raise the literary standard of scientific writing The 
competition is limited to those who are not more 
than 25 years of age on 25 June 1950 Full par¬ 
ticulars may be obtained from the Ass'stant Secretary, 
British Association for the Advancement of Science, 
Burlington House, Piccadilly, London, W i 

CORRECTION 

On p 39, line 7 of the left hand column should read : 

#K X ) —•(*) —*] ■“J"«P(“+ k 
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New Books 


Elektruche Wellcn 

W O MHUMANN 

(34° PP, atfilhu, pj in by 6^ in) 

Munich Carl Hamer Verlag, 1948 DMa 8 50 

Pulses and Transients in Communication 
Circuits 

C CHERRY 

(xit \-V 7 PPp isgillusf 8i in by 5JU1) 

London Chapman and Hall I id, 1949 3 21 net 

Waveforms, M I T Senes, Vol XIX 

Edited by n chance, 1 c wii 1 iamb, v hughes, 
e f MACNiciruL and n sayre 
(jrAni \ 785 pp s Ulus , •/ m by 6 in) 

New York McGraw-Hill Publishing Co Inc , 1949 
$10 00 

London McGraw-Hill Publishing Co Ltd, 1949 851 

Thebe three books together present a comprehensive 
and practically exhaustive account of theoretical 
and practical aspects of electric waves Professor 
W O Schumann's book u entirely theoretical and 
gives a thorough mathematical analysis of the various 
types of electromagneuc waves , C Cherry's book 
is, as the subtitle nays, * An Introduction to Network 
Transient Analysts for Television and Radar 
Engineers 1 , and the book on Waveforms describes 
the pracUcal details of generating and applying 
voltage and current waves of various shapes and 
durations 

In Elektnsch* Wtllen the banc mathematical and 
electrical facts an presented in the first three chapters 
Then plane waves in dielectrics and conductors are 
considered Reflection of electromagnetic waves is 
studied in detail and the theory of wave propagation 
m media with free electrons is developed , application 
is made to the ionosphere A large section of the 
book is devoted to the types of waves which are 
possible within waveguides of various cross sections 
The book concludes with an account of spherical 
waves and the reciprocity theorem for electric waves 
toi those who appreciate visual pictures of the 
properties of electric waves there is a profusion of 
excellent diagrams, lines of electric and magnetic 
force being drawn for every type of wave studied 
References to the literature might have been more 
extensive and, in particular, various important 
British and Ame nran papers of recent years are not 
mentioned (presumably not available in Germany) 

In Pulses and Transients wi Communication Ctraais 
the aim has been to use rigorous physical arguments 
but only elementary mathematics It it well known 
that the theory of transients involves, in its proper 
treatment, more difficult mathematics than the 
theory of the steady state But in this book the author 
has avoided the operational calculus and the treat¬ 


ment is largely 'geometrical*, or pictorial, rather 
than analytical After an introductory chapter the 
frequency spectra of t modulated waves, pulses and 
transients are considered Then the transient 
response of networks u discussed One chapter is 
devoted to characteristics of multi-stage amplifiers, 
one to asymmetric sideband channels and another 
to reflection and echo effects in lines and in lumped 
networks The book should be popular among 
television and radar engineers For those whose 
interest is more in the mathematics of transients the 
hook will be, at most, introductory 

Waveforms u volume 19 of the Radiation Laboratory 
Senes emanating from the Massachusetts Institute 
of Technology It is an encyclopaedic work, packed 
with details of many kinds of circuits for producing 
various waveforms both fundamentals and applica¬ 
tions receive considerable emphasis An outline of 
the contents will show the breadth of the field 
covered 

The book commences with details of operations 
on waveforms with linear or non-linear circuit 
elements Various types of modulation and 
demodulation are considered and the characteristics 
of non-linear circuit elements arc discussed Ovei 
fifty pages are devoted to sinusoidal waveform 
generators, including crystal oscillators, phase shift 
oscillators, bndge oscillators, negative resistance 
oscillators and beat frequency oscillators Methods 
for stabilizing oscillators are considered and the 
generation of pulsed sinusoidal oscillations by means 
of the Hartley or crystal oscillator is described The 
generation of abrupt waveforms (called fast wave¬ 
forms) is described in the next chapter Multi¬ 
vibrators and phantastron-type circuits may be used 
and full details of these are given Particulars of 
the sanation and sanaphant circuits, developed a 
few years ago, are included The generation of 
waveforms by blocking oscillators and delay-line 
pulse generators is also discussed Finally a 
description is given of methods for generating 
triangular and special waveforms, such as 
exponentials and hyperbolas The next section of 
the book is devoted to methods for operating upon 
waveforms Amplitude, selection, comparison and 
discrimination are discussed, and there is a chapter 
on time selection Several chapters are devoted to 
modulation and demodulation, and a chapter on 
electromechanical modulators is included 

Two chapters are given tana description of methods 
for achieving frequency multiplication and division. 
These lead to the chapter on counting, sequence 
circuits and energy storage counters are described 
The next two chapters, dealing with mathematical 
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operations on waveforms, describe what must be the 
highlight m the development of the uses of wave¬ 
forms in recent yean Circuits for addition and 
subtraction, or for differentiation and mlcgration, 
are described Next come circuits for multiplication 
and division, and for forming squares and square 
roots All these are applicable in electronic com¬ 
puting devices, which have been developed both in 
Great Britain and America The book closes with 
c hapti rs on e It rlncal and supeisornc delay dt vices 

liom tins survey of ihe contents it will be noticed 
that practically all that there is to be said about 
wavefoims is slid in this lx>ok It will suiely be a 
n< ccssaiy IxKik in any librny whit h < ovi rs i«ulto ind 
c lu Inc al cngineei mg 

J S Goddard 


Trattato di Fisica Generale e Spenmentale 
Sixth Italian edition e perucca 
(wip j 802 pp, 713 tllus, by 7 in) 

Turin Umonc ripognfico-rdi trice Torinese 1919 
1 L 5,500 

1 lie continuous progress of physics with numeious 
discovcrits of new methods and c xpe rum util 
ptocedutcs nukes it vc ry cliffu ult to wiite a tom pit tc 
ticatise in this held Die picsenl work must be 
eonsidered, however, a successful attempt to cover 
the enormous ground of expenmeiital physics in its 
development from its origin to its pit suit state 

Despite the enormous number of cxpenments the 
tuthor has had to describe he has sue ck did m 
allotting a considerable part of the book to the 
fundamental concepts of the classical theories He 
has found room for the flux theoicin of Gauss in field 
thtoiy, lor Cauchy's stress theorem in the mtchamts 
eil defoinnble bodies, and for the Gibbs-Hi r mhoi 1 7 
equation and punciples of kine tic theory of gases in 
thermeKlynamirs Ihe result is a Ixxik whieh is 
11st fill not only to undergiaduites but ilso to the 
nioic advanced reseatth woikcis 111 any brane h ol 
the natural sue nets for whom the methods used in 
physic s might be a source of valuable sugge slums 

The hrst volume, the sixth edition of which has 
icccntly been printed, deals with Mechanics and 
Heat Ihe hrst chapter gives a detailed dcscnption 
ol the fundamental physical instruments and the. 
definitions ol fundame ntal units The second 
introduces the concept of vector, and gives the 
fundamentals of vectorial calculus The kinematics 
of a particle is extensively treated, and particular 
attention is paid to the composition of motions and 
In harmonie motions Only a few pages arc devote el 
to the kinematics of a rigid body 
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In Statics one chapter is devoted to the on ins of 
field theory, such os those of Ci\uxs and Stokes, and 
to the de flnitions of conservative syste ms of forces 
Scveial example's of simple problems ol the statics 
of a pailicle and the status of systems of particles are 
given In a similir wiy the author elcals with 
Dynamics, many ol the classical < xpe nine nts 
(Grimm mi \, I* 1 ne hfr’s I abordi-Nmtmann’s, \n- 
wooiA etc) being cUsenlxd m detail Hu study ol 
tie \v ton mi lie Ms of force s, of the caith's giavitatiniidl 
field, md \ disruption ol ( smndisii’s mel 
1 one AUl 1 \ e xpe nine ills follows 

flu se e one l p 111 e on I 11ns ihwl)tsi< hIi is oil tin 
constitution ol mallei sinutiiie ofcivsiils elaslieilv 
nnd merhaniesof fluids l lie ihndpail on uouslies, 
lsele vote d to the the'niy of wave s in an < listie inrdiutn, 
and to a ele se nptiou of the most important acoustic 
instruments and their technical applications 

The final part is concerned with thermome try, 
calonmctry, and the three principles of llicnno- 
dyn limes Sevtril theoretical consequences of these 
punciples, and many impoitant ioimulae such 
as GiBBS-Hri mhoi i/\ Kirciuioh's specific heats 
equition, StevinoN and HrNkv’s laws ire discussed 
m detail At the end thcie air a lew basic ideas on 
the kinetic theory ol gases, and on the piodurtinn ol 
high vacua 

This is a book which will be vuy useful both for 
re fe re ne e for the i< scare h woiker, and as a guide for 
the student It is remarkably eemiplete and should 
be consideied outstanding equal to almost any other 
work of the same kind which has so fir lx c n published 

( lR\N7ivrm 

Books to Come 

The one unel I o ungsmeth xle n drs Mehrliilehrn- 
pioble ms dc 1 Wc lie nmichamk p e omii^s {jf/i pp 
20 t/lu\) Basel \crlag Birkhauscr hi jcy 70 

Index ol Nomogi 1111s / diUd and tomfnhd by n 1 

\DAMS (17 f pp) NewNoik John Wiley 11 id Sons 

I ll( C 70 

( lassie il Mechanics n 1 RUTiirRioRD {212 ftp, 
irown 8vo) Edinburgh Olivet and Bovd ltd 
e io\ bd net 

Minual ol Physics, F\fth edition j A crowihir 
{616 pp, crown 8vo) London Oxlord University 
Press c 21 j net 

The Chemistry of Uranium rdited by j j kai£ and 
f rabinowitch New York and London McGraw- 
Hill Book Company Inc 

Analytical \bxorplion Spc rlroscopy / dittd by n e 
mi ri on (e 41)5 pp jc/> tfhti) New Yo.k ]olm 
Wiley and Sons Ine c Vyoo 
Or, 
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Envelopes of Oil Drops Suspended m Glue Solution 

S MAI HEWS, M Sr , A R (' Sr . \ I ml I* 

The oil I glue solution interface was studied by the elongated pendent drop shape method Int*r - 
facial and membrane tensions were deduced from the shape of the pendent drop The solid 
nature of the mature linseed otllglue soluiim membrane was established 


In 1941 the shortage of material* for camouflage 
paints and thr anomalous behaviour of some pigments 
in linseed oil/glue solution emulsions resulted in th( 
study of the fundamental properties of such emulsions 
Microscopic examination of paraffin/glue solution and 
linseed oil/glue solution emulsions, with and without 
pigment, revealed that, whereas all the paiaflin diop- 
Jcts remained spherical after collision, the largt r of thr 
linseed oil droplets suffered permanent distortion 
This suggested that the physical properties of the 
surfaces of the linseed oil droplets were not as simple 
as those of an ordinary liquid/liquid interface 

Oil/water interfaces were investigated before com¬ 
plicating the issue by adding glue, which reduces 
boundary tension by virtue of the adsorption of its 
largt molecules near the surface of an aqueous solu¬ 
tion The linsted oil/water interfaeial l« nsion was 
measured, first by the capillary tube and cups 
method 1 , then by balancing a small spherical drop 
against a measured hydrostatic head 1 , the results 
are given in Table III , p 88 These methods how¬ 
ever, were found inapplicable to the Unset d oil/glue 
solution interface because adsorption eaust d meniscus 
creep in the first method and deUchmcnt of the drop 
in the other , so the elongated pendent drop shape 
method, using wide jets, was chosen, as it provides 
extensive anchorage Incidentally it also gives oppor¬ 
tunities for controlling and examining the envelope 
of a drop 

Analysis of pendent drop shape as published by 
Habhforth and Adams^M 1883, two years after 
Worthington's 4 observations, involves considerable 
mathematical labour Tables published by Andreas, 
Hauser and Tucker 1 in 1938 were therefore used 
these give boundary tension in terms of two diameters 
of the drop The phrase ' boundary tension ' covers 
surface tension, interfaeial tension, or any tension in 
the envelope of the pendent drop The following 
account describes determinations earned out with an 
ordinary microsd&pe and depending on the observer's 
ability to estimate one tenth of a division of the 
micrometer eyepiece squares The deviation from the 
mean value found for an mterfaaal tension by this 
method and from the values obtained by the author 


using other me Lhods seldom exceeded five per cent , 
published results for low interfaeial tensions some¬ 
times differ by as much as fifteen per rent 

I he beauty of the pendent diop shape method is 
ihat low boundary tensions do not dimmish *10 uinry 
ol measurement Othei 'ulvantagcs ate 

1 there is only one mteifine nndei consideration 
lienee conUe 1 angles do not entri into the 
measuic inents 

3 changes in mUrfaeial tension can be studied with¬ 
out breaking the interface or moving its anchorage 

3 a clean interface tan readily be formed 

4 measurements are performed on the interface only 
and not on remote liquid levels 

5 low density different e bet we < n the phase s int i< ase s 
accuracy of drop shape evaluation 

I he relative adhesions of two liquids to the same 
solid can lx determined by noting whe ther the drop 
is pendent from the external or the internal cireum- 
fc re nee of the jet 

BOUNDARY TENSION DEDUCED FROM 
PFNDFNT DROP SHAPE 

The boundary tension of a drop can be evaluated by 
measuring the equatorial diameter and the diameter 
of a selected plane the distance of which from the 
pole of thr drop is equal to the equatorial diameter, 
using the formula 

(ffi- 

y=s H 

where y u the boundary tension in dynes/cm, gi and 
g t are the densities of the two phases in gm/cm, g 
w the acceleration due to gravity, d t the equatorial 
diameter of drop m cm and H ft (djb) \ where 
P depends on die coordinates and radius of curvature 
at any given point on the profile and on the angle 
made with the horizontal by a tangent at that point, 
and b is the radius ejf curvature at the pole , from 
this can be derived an expression which involves d t3 
the diameter of the plane the distance of which 
from the pole » equal to thr equatorial diameter 
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Andreas, Hauser and Tucker's empirically com¬ 
piled tables give i/H venus djd 4 A method of cal- 
culaUng the relationship between i/H and d t jd 4 has 
been published, with tables, by Fordham*, but the 
values do not deviate from those in the empirical 
tables by more than 1} per cent 

It is necessary that the drop should be elongated, 
so that d 4 [d 4 is at least o 7 before the tables can be 
applied To obtain elongated drods the diameter of 
the jet must be chosen to suit the interfacial tension 
and the buoyancy of the drops 


APPARATUS 

Since the oil was lighter than the glue solution a 
4 pendent' drop of oil was obtained by bending the 
tube from which it emerged so that the orifice 
pointed upwards, figure / , but for glue solution 
drops pendent in oil stiaight tubes were used 



bigurt r Section through tube C supporting oil 
drop A at its orifice fi surrounded by aqueous 
phase E contained in parallel-sided glass cell F 

Inset Shape qf tube for large jet diameters 

A layer of oil D covered the surface of the aqueous phase 
Hus prevented evaporaUon and provided a reservoir from 
w hick the tube could be replenished To ensure cleanhnea 
of the interface at the beginning of each experiment a lew 
drops of oil were expelled through the onfice before ad- 
juiung the hydrostatic pressure 10 that the pendent drop 
was the shape required there was no difficulty m main¬ 
taining the right shape for an indefinite period provided 
the jet was of suitable diameter and material 

The glass cell F was partially enclosed by a water jacket 
G which left two sides exposed, through Which the drop 
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was observed microscopically One side of the jacket was 
recessed at H and accommodated a thermometer / close 
to the cell, the latter being too small to hold the ther¬ 
mometer ai well as the J-tube It was shown that the 
temperatures inside the cell and recess differed by less 
than |C° the latter being constant to within JC° The 
hydrostatic pressure governing drop shape was varied by 
altering strew K t or by withdrawing ml from the tube 
using a fine pipette 

Different objectives were used according to the use of 
drop, and the micrometer eyepiece (ruled in squares) was 
calibrated for each objective The drop profile was copied 
on graph paper 

Choice qf diameter and material qf fit — If the jet is too small 
the drop will remain spherical however the pressure is 
altered, and if the jet is too large the drop wifi not have 
an equator until it detaches For the higher interfacial 
tensions the jet diameters were large and the glass J-tubes 
had to be drawn into capillaries near the bend (see inset 
to Figure /) to allow space within the cell for the od drop 

bo long as the boundary tension of the drop was greater 
than 1 dyne/cm, glass tubes could be used whatever the 
relaUvr wetting powers of the liquids » but when a linseed 
oil drop was leit suspended in glue solution its boundary 
tension fell practically to aero as the adsorbed glue en¬ 
velope congealed, and while this envelope was still semi¬ 
fluid the glue solution ousted the od at tne margin where 
the drop was anchored, so the drop detached itself before 
a membrane was consolidated Therefore it was necessary 
to use a clean metal tube for anchoring linseed od drops 
in glue solution while maturing membranes 

Specification of materials investigated - —Fireproof thinner 
was added to the glue solution to comply with the usual 
specifications for such emulsions, and measurements with 
a Du Nolly tensiometer showed that this had no effect on 
the surface tension for concentrations between 6 5 and 
1 per cent glue, which remained steady at 37 5 dynes/cm 
Dilution to a concentration of o 1 per cent glue raised the 


Table I Specification qf Materials 


Memo 

Drsmptiou 

1 per tent glut sohitmn 

Cascade glm 

Varmsk hatted oil 

Medicinal pur fn 
Fireproof ttnanrr 

1 gm cascade glut disrobed in 99 gm distotted outer 
Prime 3*fC t used fruh 

P }1 ~ 573 ^ooaforaaperceatsohdoa 

At at°C, density 09 *6, nftmcttt* i* 4 « / 4796, mod 
value j 

At wi°l t drnntr 0880 refractor* index r jtfit 

H>im am . . phosphate sekdim umdrafized with 

ammonia, end meter added to that tehdt content — 
ff t per end 


Table II Surface Tensions qf Specified Materials 


Iifod 

Surface tension 
4>aet(cm 

Temp 

Density 

grnfee 

Method 

Water, dutolUd 

7 « 

Jo 

O00fl 

Capillary tube 

m 11 

7 « 

JO 

ooofl 

Tromometer 

Vamsh hasted ml 
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80 

0 087 

C ofallory tube 

t 1 • 

37 

80 

0 087 

Tensiometer 

lantuh hatred otl vuth 3 





per end htharge 

31 
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0 947 

Capillary tube 

Medicinal parafia 

38 

10 

"o8Ba~ 

Capillary tube 
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33 

17 

0884 

Toasnmeitr 

Meduinat parafa math 1 
per end oleic acid 

35 

10 

0 883 
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surface tension to 40 dynes/cm, and further dilution gave 
a solution having the tame surface tension as pure water 
vtz 79 dynct/cm 

Since low intrrfacial and surface tensions of glue 
solutions are due to adsorption it u reasonable to suppose 
that this has reached saturation when the concentration 
11 one per cent In pendent drop shape measurement* 
any greater percentage of glue made observation ol oil 
drops difficult owing tn the greater scattering of light 

FXPERIMENTAI RFSULTS 

Effect of adhesion between phase r— Medicinal paraffin 
differs from linseed oil in that it is neutral and ha* 
a latge interfacial tension against water Oleic acid 
wan added to the paraffin so that its adhesion tei 
water' might approach that of the linseed oil which 
contained polar acids, and the inUrfacial tension was 
then measured Experiments on raising the in tor- 
facial tension of linseed oil/water by adding litharge 
were also earned out Table III shows the results 

Ihese changes in interfacial tension are not 
accompanied by any appreciable effects on the sur¬ 
face tensions of the oils (Table II) showing that ad¬ 
sorption plays no part here in the lowering of the 
interfacial tensions, which must therefore be due to 
the attraction across the interface exerted by the 
water on the acids 

When a linseed oil drop was left suspended 111 
water for several hours its interfacial tension showed 
a decrease , after eighteen hours the interfacial tension 
was 4 b dyne s/cm, whereas after J hr the value was 
5 6 dyncs/cm at the same temperatuie In each in¬ 
stance the interface remained liquid 

Reduction of boundary tension by glue adsorption — Drops 
of each of the oils were suspended in glue solution 
and then the reduced boundary te nsions were 
measured (Table IV) There was a p r o gressive change 
in the envelope of the drop , a freshly formed drop 
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of oil had an ordinary hquid/hquid interface but 
after J hr the adsorbed glue started to gel A detailed 
examination of matured drops was therefore made 

Paraffin drop suspended in one per cent glue solution — A 
pure medicinal paraffin drop was suspended in one 
per cent glue solution, elongated to the right shape 
for boundary tension measurements, and left undis¬ 
turbed for at least J hr If subjected to slightly in¬ 
creased pressure it would detaeh in the same way as 
if it were in water This detachment occurred at a 
boundary tension of 15 dynes 'cm whether the drop 
was | or jo hi old 

II the pressure was partially released the drop 
became cylindrical (profile 2 , Figure j) Measurem< nt 
now indicated a boundary tension ol 7 3 dyncs/cm 
which increased steadily to 8 7 dyncs/rm within £ hr, 
and l hr later was 15 dyncs/cm, the value charac¬ 
teristic of the paraffin/glur solution interlace The 
pressure was again reduced, more suckle nly this time, 
and folds appeared at the neck of the drop which 
assumed profile 3 , these smoothed out in the course 
of 10 min while the drop assumed a shape consistent 
with the equilibrium boundary tension lhe gelled 
envelope had dowly flowed until it fitted the drop's 
new volume and thus exhibited liquid qualities 

Addition of oleic acid reduced the interfacial ten¬ 
sion to 1 3 dynes/cm and greatly retarded the smooth¬ 
ing out of folds, but the envelope still behaved like 
a liquid and flowed evenly round the oil drop, unless 
it was subjected to sudden changes whe n it behaved 
like an elastic solid until its boundary tension reached 
a 5 dynes/cm, after which it exhibited quasi-flow and 
detached at a boundary tension a little above 7 5 
dynes/cm (Figure 3) 


Table IV Boundary Tensions, OdjOlue Solution> from Pendent 
Drop Shape 
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Linseed oil]glue solution interfaces between £ and 4 hr 
old, using glass jets — Whereas a paraffin drop remained 
pendent from a glass jet in a glue solution in the 
shape appropriate to its interfacial tension of 15 dynes/ 
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ft gun 2 Parrffin drop pendent in 
/ per cent glue lolutxon at si°C 
under various hydrostatic pressures 
Scale 1 micrometer eyepiece divi¬ 
sion -«* o o6g cm 

Profile t Pressure adjusted to give 
this shape and Itft overnight 20 
hr caused no alteration Boundary 
tension 15 ffynssjem 
Profile 2 Liquid withdrawn from 
drop Elastic qfter-effect indicated 
by arrows 

r 3 Pressure further reduced 
folds appear at neck , these 
smooth out withn so mtn wfule 
drop aisumes shape having higher 
boundary tension 



Figure 3 Paraffin with r per cent 
oleic acid! 1 per cent glue solution at 
as°C Scale 1 micrometer eye¬ 
piece division 0 oaoj cm 

Profile l Pressure adjusted to pro¬ 
duce folds and left overnight 

PrqfiU 2 Envelope 20 hr old 
folds smoothed out overnight, 
boundary tension *=*13 dynes j cm 

Profile 3 Internal pressure xteadtly 
increased and drop profile plotted 
at mtervah, showing maximum 
boundary tension (7 5 dynes I cm), 
Jot which the drop did not expand 
while its shape was being plotted 



Figure 4 Linseed oil drop pendent 
from metal jet w / per cent g ! ue 
solution at 2i°C Scale 1 micro¬ 
meter eyepiece division — o o6y cm 

Profit l 20 hr old membrane sub- 
jeckd to internal pre\mr* which 
produces boundary Unston >» j 8 
dynes fun 

Prufite 2 Same membrane 48 hr 
later, having relaxed until drop 
shape indicates boundary tension 
3 3 dynes j cm 

Profile 3 Result of reducing w- 
ternal pressure holds appear 
which do not smooth out unth 
lapse qf time 


Lilly a lniMtd oil drop alwa>s donned within a lew 
houis to a shape consistent with zeto uitcriacial ten¬ 
sion and dt tac he d list If 1 hi reloi e, all measurements 
on linseed nil drops on glass jets wrri made within 
lout hours ol their formation 

During the lust J hr adsorption caused the intei- 
facial tension to fall so rapidly that it was impossible 
to plot the drop shape Striking changes occur in 
the elastic properties of the interface If a drop is 
allowed to emerge and grow rapidly to twice the 
diameter oi the onfite it can be made to retreat into 
the tube if the pressure in the external phase is in¬ 
creased within the first few minutes , the radius at 
the equator can be reduc ed at about the same rate 
as that at the pole and the drop preserves its sphericity 
while retreating This will occur with any liquid/ 
liquid interface 

II an attempt is made to dnvc the dtop back when 
the interface is more than i hr old the increased 
external pressure will merely flatten the sides since 
the interface is no longer mobile further increase 
of external pressure causes a neck to form, and even¬ 
tually its sides unite and the drop detaches, showing 
that the envelope is a gel with a very low yield value 

When a drop with a liquid/hquid interlace is ex¬ 
panded, however, the drop becomes so large that its 


buoyancy pulls it into an unstable cylindrical shape, 
and ll a linseed oil drop in a glue solution is over 
expanded it will behave m this way betause excess 
tension makes it yicUl 

When a drop was not allowed to emerge past the 
hemispherical shape it was possible to dnve it back 
even after the first % hr, though it was ncc essary to 
increase the external pressure slowly and allow for 
lag in the contracting envelope 

Boundary tension measurements on drops of any 
age between J and 4 hr all gave the value 3 5 ± o 2 
dynes/cm for linsctd oil in glue solution (Table IV) 

Membrane formation by matured linseed oil/glue solution 
interfaces —Glue solution drops suspended from straight 
glass tubes in linseed oil when several hours old be¬ 
haved as if enveloped by solid membranes But m 
order to keep a linseed oil drop pendent in glue 
solution with the jet projecting well into the drop 
it was necessary to use a tube preferentially wet by 
the oil A clean brass J tube was therefore used for 
maturing the envelopes of linseed oil drops 

Profiles of several drops were plotted for mem¬ 
branes between one and three days old A membrane 
over 17 hr old, attached to a jet preferentially wet 
by the internal phase, yielded at boundary tensions 
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between b 5 and 7 3 dynes/cm , the older the drop 
the greater the boundary tension attained before it 
detached on increased internal pressure 

When maturing a membrane for over 34 hr it was 
best during the first ao hr (both with glue solution 
m glass tubes and linseed oil in metal tubes) to let 
the end of the tube touch the surface of the drop 
near the pole, so that the membrane had an extra 
line of support 1 1 he drop was then pushed to the 
end of the jet, and kept with its pole at a distance 
from the orifice equal to the equatorial diameter for 
another 34 hr, to consolidate the membrane near the 
neck, and then investigated 

DISCUSSION OF PHYSICAL STATE OF 
INTERFACIAL U1MBRANB 

It was found that the boundary tension in a mature 
linseed od/glue solution membrane which had been 
at rest for 34 hr was always 3 5 ± o 2 dynes/cm, if 
the membrane had been left with a tension equal 
to or above this value {Figure 4) I ower tensions in 
a mature membrane remained unchanged 

On reducing the internal pressure the membrane 
behaved like a perfectly elasUc solid for boundary 
tensions between 3 5 and 2 dynes/cm, but at this point 
folds appeared at the ncik Increasing the internal 
pressure so that the boundary tension exceeded 
3 3 dvncs/cm caused extra stretching near the neck, 
and release of pressure allowed elastic return to a 
lower boundary tension , if the membrane were left 
without this release it relaxed until the drop assumed 
the shape characteristic of y =» 3 5 dynes/cm 

The only linseed oil drop still pendent from a 
ground glass orifice after standing overnight had its 
membrane hanging in folds, which smoothed out 
when the boundary tc nsion was increased I his be¬ 
haved like a uniform elastic solid up to a tension of 
5 b dynes/cm when it yielded 

A linseed oil/glue solution membrane can be 
matured as cither a long or a short sack, and while 
it is clastic it maintains its original shape , this is 
shown by a membrane matured partly on a nearly 
hemispherical drop and partly on a thin layer of oil 
whu h covered the outside of the jet But the best 
shape of membrane for boundary tension determina¬ 
tion is one formed on a drop with its selected plane 
level with the onfice of the jet which projects into 
the drop 

conclusion 

The solid nature of the mature linseed oil/glur 
solution membrane, so long as it is not stretched 
beyond its elastic limit, is confirmed by the following 
facts when a pendent drop is left under reduced 


pressure so that there are folds in the neck its envelope 
does not flow and there is no detachment of the drop , 
a membrane formed on a certain shape retains this 
shape even when expanded , stress in the membrane 
is proportional to the internal pressure tending to 
expand the drop , and rough edges can be wtn 
when the membrane is ruptured 

This membrane appears similar to those formed 
with cod-liver oil m gum or gelatin solutions*, and 
contrasts with the envelopes round olive oil, castor 
oil and mineral oil such as paraflin It also appears 
physically similar to each surface of the membrane 
of a liv ing ( c 11, where the outer layers consist of protein 
molecules lying on inner layers ol fat 1 ** 11 Recent 
work on such membranes includes study of the 
stability of films consisting of fatty acid, mono- 
glycrndc and bde salt 11 following the work of 
Ridfal and Schuiman 1 ** 14 , and study of the in¬ 
fluence of colloidal electrolytes on the activity of 
drugs 11 , and Alexander 1- has recently mentioned 
the skin-like surface of oil droplets in emulsions 
Thus it is possible that the pendent drop shape 
method of measuring boundary tension might be of 
use in biophysics as well as in industrial physical 
chemistry 
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Measurements on Enlargements on Plates and the Construction of 
a New Type of Photoelectric Granularity Meter 

R DFBOT, Dr Sc 


The first part of thts paper describes the results of measurements of the staltsttcal distribution oj 
the local fluctuations in transparency and density tn photographic enlargements Discussion of the 
results shows that accurate relationships exist between measurements of granularity based on one 
or other quantity , the variations of which are analysed Previously published theoretical formulae 
are very well verified It is further pointed out that it is necessary to measure the granularity 
around a large number of points on the granular test strip since individual measurements scatter 
widely , due not to a lack of reproducibility inherent tn the methods used , but to the nature of the 
subject under investigation btnce these measurements take a long time , the requirements are 
difficult to fulfil with present day methods The second part of the paper describes a photo¬ 
electric granularity meter which gives directly values of the mean square deviation a T of the trans¬ 
parency The apparatus works rapidly thereby allowing a sufficient number of measurements to be 
corned out, furthermore, the apparatus is universal in that it will determine rs r values from 
oj to around o oi y for scanning spots with diameters which can be variedfrom 3 5 /i to several mm 
It can thus be used Jor measurements on an anginal plate as easily as for measurements 

on an enlargement 
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Inhodutlwn - lit a pievious pajm 1 the method and 
apparatus haw timi described by winch vanuus 
magnitudes cntciing into the ineasutemelit and 
calculation ol gianulanty can be determined 1 hose 
methods and atgumrnls which n late to density 
fluctuations weie developed specially but the trans- 
paienty can lie studied in a piaetieally identical 
maimer In paiticular, one can split up a(AT/T) 
into o+(AT/T) and <r-(AT/T) in the same way that 
a(AD) was divided into aJ(AD) and a+(AD) In i 
lettei to the same journal 1 a simplified nomenclature 
i i erri crm a r, cr-n, <r { d> has been proposed 
and will be used below 

Loi a negative emulsion ciilaiguuents have 1 m in 
whosen hom Htiuiloiuclnc steps numbeied i to 5 in 
mtleasing order of density, picked so as to fall on 
that pait of the ehaiaetcnstic carve which is utilized 
in practice 1 I he step wedges were developed in 
two quite diflercnt types of developer, the first in a 
normal me thol-hydroquinone developer lor a time 
necessary to reach maximum gamma, the second in 
a fine-gram developer giving very >oft gradation 
The enlarged plates obtained under conditions 
described in our hrst paper 1 are numbered 1 to 5 foi 
the energetic developer and b to 10 for the othci 
dtvclo|Ki 

bigme i shows the position ol the cnlaigcd plates 
on the characteristic curve of the negative material 
I he points 1 and K correspond to the speed point 


actoiding to the Joins tutenon 1 (as adopted by the 
Amciican Standards Association and British Stan¬ 
dards Institution) and a point remo\ed flora it by 
oik and a hall Logarithmic units 011 the cxposuic 
axis icspectively 

The granularity leadings weie earned out with 
diaphragms of different dimensions and are chaiac- 
tenzed by a pair ol numbers, the first being the 
number of the enlarged plate, the second thut of the 
diaphragm 1 For each measurement the instrument 
was set so as to obtain a sufficiently large reading 10 
that the mean square deviations could be worked 
out with the same accuracy for all points (Cf 
rileience 1 it is sufficient to choose the value ol e 0 
judiciously ) 


ihc iman squaitb ol 
calculated tor each 
set ot granularity 
readings from the 
average slope of the 
probability curve, 
assuming that the 
distnbuuon is Gaus¬ 
sian rhese values 
ate denoted by oqj 
and aQ 0 1 hen, 

by graphical mte- 
giation oi the plots 
ol ( ATjT)* against 
x and ( AD) J against 
v, we obtain the six 


li tnspaunc y ami density aic 
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valuta of af t a+r, a_r, ao» a+o and a~o In the 
table h 9 in which the results oi these measurements 
jic asMinbhd, tin decimal logarithm* ol these values 
ait given this has the advantage that the hgutes 
in cadi column have the same absolute aeeuiacy, 
smec the measuieinuits were made with constant 
relative accuraey 

We liave also worked out a series ol magnitudes 
which relate the various deviations, as follows 

i Deviations between measurements based on trans¬ 
parency 01 on density 

A =3 log Of — log ao 
A+ ^ log o +r - log 0-0 
A- — log o_ r — h)g o f o 
Aq — lug a G j - log ao d 

a 1 he same deviations, but worked out thcore tie ally 
lhe principle of the method has been described 
before* , lor our application, A cm \ f are calculated 
(tom the experimental values of log or, the corre¬ 
sponding from log a- T t and from 

log< 7 + r 

5 Differences between experimental and theoretical 
deviations 

6 ^ A - A„ u = A ¥ - A+" U 

<*6 = Ao — A„ u d. — A. — A- ltk 

4 Deviations belwtcu the same magnitudes, worked 
out horn the piobability cuivc and by giaplmal 
integiatiun 


investigated and a comparison between the tables 
will serve to illustrate the reproducibility of the 
liicasuieinents lhe thud pair deals with enlarge¬ 
ments which ate equivalent to Liu lust, except dial 
the negatives wut developed in Lhe hm-giam and 
not the normal methol-hydroquinonc developer 

Mian values of the magnitudes set out in the 
earlier tables will be found in TabU VII In all tables 
values representing differences of logarithms arc 
measured in thousandths 
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Discussion qf results — Let us c onsidc r first the values 
of <L and < 5 , Their general arithmetic means are 
very close to zero and one would conclude that the 
values ol A- and A + arc in good agreement with the 
experiments, since the values of the quadratic means 
ff(d-) ~ a(< 5 + ) ~ o 009, are explained by the ex¬ 
perimental errors Regarding e(—), the mean 
square expenmen tal error of a magnitude, the relation 

o(d T ) = [«'(log + ff T 7-)«*0og < 7 ±i>)]* 
should hold, since 

- log tr T r - 1°S "id ~ A?uh 
lhe experimental uron> ol the logarithm ol a + 7 and 
1 ail Ik ugatikd as equal, Mine the methods 
used to nuasuii llum and then aeeuiacy vtcic the 
* mu lutioducing 


d/ - log (/(,./ logo, 

<>D log VOD — log a D 

j 1 he asymmetry ol die probability curvi s, nuasured 
by 

A r - log o-t - log <t +t 
Ao - log <J+o - log (T-o 


*(log fr Ti ) - t(log a ±l} ) a 

wi have 

- a \Z-' 

and 

a = 0 ooe t 

which corresponds to relative errors of <t t j- and o±o 
of 1 6 per cent This is of the order that might be 


For these values wc have calculated the arithmetic 
means, denoted by a bar, and the quadratic means, 
shown as a ( ) 

Experimental data — The experimental data arc set 
out in Tables I-VI* grouped in three pairs serially 
I11 each pair, the lint contains all the measured 
values ol granularity, giving positive as well as 
negative deviations, the second contains all the 
values lor which positive and negative deviations are 
considered separately and thus characterizes rather 
better the asymmetry of the distribution curves The 
first two pain of tables deal with the same enlarged 
plates , the only difference is a change in the area 

• VVc rrgrrt that, owiim to lark of «arr, /«*/« W u> 1 / Inir hj.l 
lo In* omliiftl Hiey uill U* 1 rut mV* l in lhe reprints 


cxptcttd considering the errors involved in drawing 
the curves of ( AT/T ) 1 against x and (AD )* against x 
and their graphical integration, which was earned 
out by means of a plammeter Within the accuracy 
of our measurements, the values of J- and A+ 
worked out from the theory described earlier are 
thus in perfect agreement with the measurements 

The general arithmetic mean ol d is also negligible, 
but the spread of the individual values, measured 
by o(d), cannot be explained entirely by experi¬ 
mental errors In fact one can show that if that were 
the explanation, a(S) should be equal to a te of the 
order of 6 t thousandths and not 9, We have to 
admit, therefore, that the calculated values of A do 
not agree w ith expenment as well as those of d- and 





r DLliOl New 'iype of Photodectiic (iiunulauty Mclti 


Re scan h Supplement 3-2 


Table I Gramdarograms 4 — 1—2 to 4 — 4—g (First senes) 
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d + but that they contain a systematic error of the 
order of 

“ [( 9 t) • — (6»)M* ” o* thousandths 

which corresponds to i 6 per cent in antilogarithms 
Ihe reason for this error, which does not occur for 
d Tl may be found in the fact that in calculating 
AaU the asymmetry of the probabihty turve giving 
the deviations ot traniparcnc tea from their mean is 
completely neglected If this is taken into account, 
a more correct value can be worked out from 

log a-y, log r> d- and A+ 1 able VIII gives some 
more accurate figures 


Table VIII 
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The general arithmetic means of 6 x and b^ differ 
from zero This indicates certain systematic devia¬ 
tions—not large—Utwetn the two me thods of 
measuring th< mean squau fluctuations te using 
the probability euivc oi tin graphical micgiatioii of 
the curves ol (AT/T) against \, and ( JD ) J against \ 
Since the values of the two means au very nearly 
the same, this systematic difference charade nzes the 
diffeience of the methods regaidlcss ol the values of 
(AT/T) oi (AD) with which they are concerned 
If one convetts the differences into telativc errors, 
their values come to about 3 per et nt 

1 he scatter of the individual readings around their 
mean may be estimated by 

a'(8J ” — 8/I 1 ~ thousandths 

Z being equal to T or I) Since 

\ ^ 

tins scatter can be explained as experimental eiror if 
#(log OGt) — y — L <t ' , ( 8 4 ) ~ a 4 ]l— 22 x thousandths 
te if the eirors of the measurements taken off the 
probability curve are of the order of 5 per t cut Thu* 
u acceptable having regard to the difficulty of 
drawing a straight lmadyough a set of experimental 
points , the nearer theht'lie to a straight line the 
smaller become the deviations between the two 
methods ot measurement 

Kcgaiding the systematic deviations dcsuibrd 
above, yet anothci difficulty may be made responsible 
Different peisons will assign diffeicnt weights to 
points according as they aie situated ncai the centie 
01 near the end ot the cuiv c in this way it is possible 


to obtain either positive or negative values of 87* 
and 8d 

Examuiation of the distribution of the values of 
oq confirms the preceding deductions In fact the 
errors of A^u arc negligible compand with those of 
log oq j and log <jq q Since 

8c Aq — A cale -= log ao T — log <ia b — A»u 
we get 

80 — 0 and a(8o) y y/l ** 11 thousandths 
which is in good agreement with the experimental 
figures 

I 1 malty we must eonsidu the means oi Ax and 
Jo in Table VII 1 he first are always much small* r 
than the second One would conclude that the 
distribution of fluctuations in liansparcnty is, 011 
the whole, much moie symmetrical than that ol 
density This finding to some extent justifies the 
basis which has been used for deriving 1 the thcorc Ural 
values of A, J- and d + , since the transparency 
fluctuations are practically Gaussian 

The variations ot ax and oq with the si/c of the 
diaphragm are extremely megular Ihe values 
dec 1 ease as the aperluic glows, but always at a late 
iniuh below that to be txpukd hoin Smyvvns 
thcoi) r On dunging (mm duplnagm No 1 to 
No ij, the log ax 01 log a D should vaiy by as much 
as 1 j, a value we have mvrr obtained , on avciage 
the value ol the sanation is no more than o b 

Compai ison ol I ablcs I to IV shows c leai ly the lack 
oi reproducibility of the measurement oi gianulaiity 
at different spots on the same enlargement This 
is not due to the expenmental methods but to 
the extreme irregularity of the quantity under 
investigation 

Concluitum — Ihe iollowing conclusions may be 
drawn Irom the pi ending discussion, rcm< mbcnng 
that it may Ik mussaiy to upcal llu woik on olliu 
UllulblOllS 

1 ihe gianulaiity of cnlaigcd images cannot be 
delined accurately by the examination ol cithei 
density 01 transparency fluctuations neai a single 
point on the negative One cannot hope to obtain a 
satisfactory result unless one examines a large number 
of points chosen at random li om the area of the 
negative 

j rhe gianulanty of enlarged images may be 
mt asured equally well by determining deviations ot 
thi transparency 01 ot the density Measure me nls ot 
one sott ran bi ronvcitcd into me asuic 111c ills oi the 
other Accuiacy will be the same it the lack ol 
syimnetiy of the distribution curve observed can bi 
assessed , it not, a supplemental / error oi the ordu 
ol 1 b per cent u to be expected 
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3 Probability curves should not be used if an 
accuracy better than 5 per cent is needed and the 
curves are somewhat wavy like those we have olten 
observed 

4 The change in the mean square deviations of 
transparency or of density as a function ol th< size 
of the scanning spot is less than that to be cxp< eled 
from thr S< Iwyn theory 

CONS 1 RUCTION Oh A NFW GRANULARITY 
111* IbR 

Introduction — I he need lor measuring the granu¬ 
larity at a laige numbet ol points on an enlarged 
negative requires an instrument and methods whu h 
are much moie rapid than those in use so lai A 
design has been evolved to meet this need and a 
successful instrument has been constructed in this 
way The instiument has been so designed as to 
enable the gi anulanty to be measured on an original 
negative or on an enlargement it is universal 

Principle of apparatus —The granular negative is 
supported by a sunk rotating table wludi can be 
displaced by means of a micrometer screw The 
distann bclw(<n the axis ol rotation and the optical 
axis ol the ray of light heeling the scanning s|x>l can 
thus be adjusted within o 01 mm Irom o to 15 mm \ 
microscope lens loims on the negative a eneulai 
luminous spot, the si/e ol whieh is governed by the 
size of the diaphiagm ol which the spot is the image, 
and by the degree ol cnlaigrmcnl This diameter 
can be varied between 35/1 and 3 mm The lumi¬ 
nous intensity ran be changed by means of a at nsito- 
metnc step tablet and neutial giey filters Ihe lamp 
has a concentiated filament (8 v, 6 a, Philips 6010 M) 
and is led from the mains supply (no v, DC) 
buffered by an accumulator battery The current 
u adjusted by a circuit resembling a Wheatstoi c 
bridge, one ol the aims of which contains the lamp 
and is constant to less than 1 part in 10 1 

1 he lint photoclee trie cell, ol the diction inultiplic 1 
type, receives the light passing through the granulai 
negative , a second similar cell is illuminated 
dneedy lrom the lamp, the intensity being adjusted 
to any desired value by means of a set of neutral 
filters and a sensitome tnc step tablet 

The photoelectric currents produced bv the two 
cells are converted into potential differences by 
means of two fixe el resistances rhese potentials are 
applied to a pair of tnodcs connected m opposition 
The amplifier will deliver no current it the currents 
from the photoelectric cells passing along the series 
lesistances are, on the average, balanced So as to 
be able to vary the illumination to cause the ampli¬ 
fied cuiient to become zero, the curtent is measuied 


by means of a null galvanometer As one of the 
photoelec tnc currents varies tapidly, following the 
fluctuations of the transparency ol the granular plate, 
an amplified AG current is produced Hus AG 
cut tent has 110 well defined frequency and will 
represent txatdy the fluctuations in transparency, 
provided that the amplifier is exactly linear and the 
photoelectric cutnnl stnclly proportional to the 
intc nsily of the light Thtse conditions arc fulfilled 
in the apparatus wr have constructed 

The amplified AC current is received by a thermo 
touplc , this will deliver a current which is piopor- 
tional to the mean squait ol the vaiying cuiicnt, 
whatever its tuquenry This method thus measures 
<t*( I/) win re Ai represents the amplified currents 
pioduced by the differences in illumination uecived 
by the two cells We have thus a relative mcasuie 
of a 1 (AT) suicc the cuirents are pioportional to the 
luminous flux 

In order to obtain absolute measurements one 
would piocecd as follows 

/ The eleelroiiK system is first balanced without 
any light falling on to the cells 

j One ol the cells is lllumuiind mil balance is 
re-established by varying by an amount V 0 , the 
grid potential of the Iriexlt aflecnd by means ol an 
auxiliary poicntiomctci cireuit 

j A sunilai voltage change \ Q is applied to the 
grid of the second triode and the circuit is balanced 
once mote by illuminating the second edl Hie 
amplifier then works under the same conditions as 
at / 

4 II now the potential V % applied to the first cell 
by means ol the potentiometer circuit is varied within 
4 A V, the deflection / of the galvanomcte r measuring 
the output from the thermocouple is 

t <( 110 

where k is a piopoiuonalily lac loi which depends 
uniquely on the amplifier and the chaiaeUiislics ol 
the thermocouple and Lhe galvanomelei I his co¬ 
efficient can therefore be deteitinned 

5 The granulai negative is then inserted in the 
path of the light illuminating the first cell and 
rotated, and the light intensity is varied until the 
amplified current is zero The AG current is then 
measured by means of a deflection / 9 which can be 
converted, since k is known, into a value of AV ' 
which represents the mean square of the potential 
variations on the grid, caused in turn by the fluctua¬ 
tions in light intensity 

Uudei these conditions, t\ is pioportional to the 
average illumination E 011 the cell, and A V' to the 
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mean square of the fluctuation a(AE) , AV'/V , is 
consequently a measure of the mean square of the 
variation m relative transparency of the gianular 
layer 


AY’ a(Ah) a(AT) 

~JT =~ —£ ~ “ —j ~ - <*t 

Some details oj the apparatus — Figure a shows the 
arrangement of the optical system while Figure 3 
gives the schematic layout of the electronic pait of 
the apparatus which is an entirely original feature 




Figure a Optical part of granularity meter 
S source qf fight, Ca and C» neutral step 
wedges and filers , D diaphragm M micro¬ 
scope objective , P granular layer rotating 
around 0 — O', A and a photoelectric electron 
multiplier cells 


The photo-emitting cathodes of the multiplier cells 
(RCA 031 A) arc held at — 1,000 v and the subse¬ 
quent electrodes are held at potentials progressing 
m steps of ioov up to the hnal anodes Ihese lattei 
are connected through senes resistances R& and Rb 
into the sbdtrs ol a potentiometer X Y so that the 
potential can lx varied 111 the region ol the normal 
grid potential of the amphlier tnodrs ihese aie of 
the type fljfl in fact double triodts are used, the 
corresponding parts being connected in parallel so 
that the slope of the characteristic is doubled (In 
Figure 3 the se details are not shown ) The 6J0 valves 
are supplied at aao v and their anode resistances are 
io* ohms approximately, chosen so as to produce 
linear amplification within the range to be used 
One of these resistances is variable to enable the tubes 
to be balanced G = indicates the null galvanometer 
and indicates the thermocouple-galvanometer 

assembly 

I he potentiometer operates in steps , four values 
of potential V % can be set, corresponding to resistance 
values o, 40, 100 and 250 ohms, separately for both 
cells furthermore, for the cell which is illuminated 
through the granular negative, steps of ± 5, ± 10, 
± 15 and ± 20 ohms are available In this way the 
scale of the thermocouple-galvanometer can be 
accurately calibrated Since the variations are 
quadratic, the scale is calibrated according to a 
square law 



Figure 3 Schematic diagram qf electronic part 
of granularity meter 


lhe power supply for the cells and the amplifier 
is connected to the main AC supply through a 
transformer, rectifier and smoothing circuits and 
electronic stabilization of the potentials 

lhe measurable values of op rover a range fiom 
05 to about 001 , the at curacy has not yet been 
determined but is tulainly belt* r than ■) pei cent 
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1 iu jou going pupil fcjivrti development of thi technique 
previously described 1 The author wishes to thatik Professor 
A Hautot , director qf the laboratory , VInslitut pour VEn¬ 
couragement dt la Recherche Scientfique dans r Industrie et 
V Agriculture (IRS I A) and S A Photoproduits Cevaert 
for their financial support , and A t Ltrbens , radio engineer , 
who assembled the electronic part of the granularity meter 
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Effect of Molecular Size on Sorption Hysteresis 

Of the many explanation* of sorptior hysteresis 
which have been advanced, only the 1 open pore * 
theory make* any quantitative prediction* According 
to this theory 1 , hysteresis arises from delay in 
formation of the meniscus at the stage where layer 
adsorption give* way to capillary condensation and 
it is evident that the larger the diamc le r ol the 
adsorbed molecule* and the thicker the adsorbed 
layer, the mort easily will an open port of given 
diameter become blocked at it* narrowest point 
This explain* why, on many adsorbents, only water 
show* a hysteresis loop A detailed examination ol 
the sorption of aliphatic alcohols from me thyl to 
n-butyl by sihra gel J showed no appnctable change 
in the size of the loop, although water with a smaller 
molecule showed a much larger loop Extension 
of this woik to bubstances oi still larger molecular 
diameter was interrupted by the war, but it had 
already been found* that tnethylamine, on the 
same adsorbent, gave an exceedingly small loop, 
which was difficult to locate exactly Work has 
now been resumed on a similar gel, which also gives 
a large loop with water and a small loop with the 
ethyl alcohol, and a systematic examination of the 
sorption lsothrrmals of the primary aliphatic amines 
is now in progress Wc have found that the hysteresis 
loop persists as far as n-propyfaminr but is absent with 
the higher homologues, t butyl-, w-amyl-, n-hexyl- *ind 
n-heptyl amines The most important prediction of 
the open port theory ha* thus been confirmed 

If sorption hysteresis were due to hysteresis of thi 
contact angle as originally suggested by Zsicmondy\ 
or to hysteresis m two dimensional phase changes 
in the adsorbed layer 1 , as is sometimes found in 
trough films, there would be no reason to expect 
that the molecular diameter would rirtirmine the 
size of the loop 

A nval thcoiy whuh has attracted some atUntion 
in recent years is the so-called ' ink bottle * theory, 
due originally to Krafmfr* but later elaborated by 
Rao t and, more recently, by Katz" According to 
this view, the mqonty of the pore* of the adsorbent 
have bottlenecks, being narrower at their open ends 
than in the middle The advocates of this theory 
claim that the adsorption curve represents the true 
equilibrium state T and that certain quantitative 
relations hold between the pressures at corresponding 
points on the two branches of the loop* The first 
claim u contrary to all available experimental 
evidence, which shows quite clearly that only the 
desorption curve* are consistent with the Kelvin 
equation 1 * 10 , the second is based on an incorrect 
application to a cylindrical meniscus of the Kelvin 


equation, the correct form 11 of which was given by 
one of us in 1036 The cflV ct of increasing molecular 
diameter on adsorption in 1 ink bottle' capillarit s 
would not be apparent until the molecule becomes 
too large to enter the bottleneck The n there would 
be no hysteresis and no adsorption Now it has 
been shown by Bkoad and FositR 1 that the 
‘ persoiption * effect observed with some types of 
silica gel can be explained by assuming that these 
gels contain lapenng capillaries which arc open at 
their wider * nd* The extent to which a molecule 
ran ponotnte such a pore depends on the molecular 
rhametu hut the adsoiption doc* not fall to /mo 
until the molicular diameter exceeds that of the 
wide open neck of the poir If bottlenecks were 
presc nt in these gels any molecule smallei in 
diamc ter than the neck of the pore would bt able to 
enter, whereas all molecules with diameters greater 
than that of the neck would be excluded 1 e there 
should be an abrupt deviation from Gurvnt&ch’s rule 
at a ceitain critical diameter But, in fact, theie is 
a gradual decrease in the volume adsorbed as the 
diameter increases It may therefore be concluded 
that this particular type of gel has no 4 ink bottle * 
pores, yet a large hysteresis loop is observed with 
wale r Another argumc nt against the * ink bottle ' 
theory has been advanced by Barkas 11 who main 
tains that the liquid inside the ‘ ink bottle * is 
unstable when put in tension by the meniscus in 
lhe narrow neck It appears to us, therefore, that 
the balance of c vidence is now in favour of the open 
pore the orv f urther work on the factors determining 
the sizr of the hysteresis loop is in progre ss 
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Formation of ‘ Hair Line Cracks ’ by Hydrogen 
introduced into Steel by Electrolyte 

It has born rUabluhrd that in man) sterli hair lint 
(racks (* Hakes ’) ran lie produced in ihe laboratory 
by soaking specimens in hydrogen at high tempera¬ 
tures, quenching and aging 1 * 1 Whc n nitrogen is used 
in an otherwise similar treatment hair line rrarlcs do 
not develop 


An alternative method of introducing hydrogen 
into a specimen is to make it the cathode in the 
electrolysis of dilute mineral acid, and it has been 
shown that hair lint cracks may be formed whrn 
hydrogen is introduced into steel in this way 


III one typical exptrmunt a steel of the following 
composition was used 


C'irboii 
Manganese 
Nick* I 
( hminium 
Molybdenum 


o j 8 pt r ft ill 
o ab p< r * * n( 
\ 13 per cent 
i 35 per t * ill 
o 31 p«r cent 


A bar 4 cm diam was soaked at r,3oo°C and oil 
quenched, tempered just below its Ac t point (7io°C), 
heated to and water quenched from i,ooo D C and 
finally tempered at 300*0 The specimen was then 
1 ut into two t qual cylinders of which one was mounted 
as the cathode in a bath of 1 per cent sulphuric acid 
and a c urrent of about o 005 amp/sq c m was passed for 
ten days The other rvhnder was given no further 
triatmcnt 


Ihin disk* wci* cut Jrom each cylinder and were 
deeply etched in boiling hydrochloric acid radial 
cracks 1 to 3 mm long were revealed near the cir¬ 
cumference of the specimen treated in the electrolyUc 



bifwrt / A * flake* 
{hair line crack) in the 
fracture qf a steel into 
whch hydrogen had 
been introduced by elec¬ 
trolysis Approximate 
magnification x 8 


bath but not in the con¬ 
trol spec imen Other 
similar disks were 
quenched and fractund 
along thnr diameters 
when small typical 
* flakes' were found near 
the surface in the treated 
spccime n onlv see 
Figure 1 

Thu experiment, 
wjiuh is in accord with 
the simple hydrogen 
pressure theory*, shows 
that the quenching of an 
actual solution of hydro¬ 
gen in steel need not 
be involved m any 
explanation of hair line 
crack formation It also 


suggests that thermal or transformation strains due 
to the quenching play only a secondary part in the 
process 

These experiments were earned out early ra 1941 tn the 
Department of Metallurgy of the University of Sheffield , 
and the author wtshes to acknowledge the interest and help 
then received from Prqfessor J H Andrew 

G A Grach 
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Aldermaston , Berkshire 
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Separatum of Small Spheres According 
to Size 

We have developed the technique of making small 
spheres previously described by Sollner 1 , and we 
have sorted them according to size by a method 
which we have not seen mentioned before 

The spheres arc made by mixing ground glass 
particles into the air supply of a gas blowpipe , only 
those traversing the hotter regions of the flame are 
collected Overheating produces spheres with in¬ 
cluded bubbles, while underheating results in many 
particles of irregular shape We have not been able 
to avoid both these difficulties simultaneously with 
soda glass, but have obtained good results with 
Chance’s Hysil 

We have not found the standard method of sedi¬ 
mentation with decantation satisfactory for separating 
the spheres into narrow size ranges, and we have had 
little success with other methods such as shaking the 
particles through a slit Wr have therefore con¬ 
sidered a simple sedimentation method in which all 
the spheres are released simultaneously at the top of 
a static fluid column, and are collected in timed 
fractions at the bottom In practice, however, such 
a column, when composed of a single liquid, is 
unstable the layer containing the spheres has a 
greater mean density than the layer immediately 
below, so a convection takes place in which liquid 
containing spheres of all sizes swirls downwards, while 
clear liquid from below moves upwards to take its 
place The speed of convection is far greater than 
that of fall under Stokes' law, both small and large 
spheres being carried down at the same rate , this 
completely spoils the separation We are indebted 
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to l)r 1 *rank for the suggestion, alio made by 
Clerk Maxwfli, that instability of this type could 
lie avoided if the density of the static column were 
made to mciease fiom top to bottom We find that 
this 11 hom< out in prache r, and we now use alcohol/ 
wain columns graded in dimity from » 87 gm/c< at 
the lop to 1 ogm/ec at the base 

A column height of ao cm is sufficient to give the 
degree of separation quoted below for particles 10 p 
in diameter Longer columns are required for larger 
particles, giving in all instances about the same time 
of separation, which is roughly 3 hr Longer columns 
should give a higher degree of separation at the 
expense ot time Columns with circular cioss sections 
up to pjem in diametei have been used 

Sphc ies with diameter* ranging from to 40/i have 
been stpiiatcd in one operatic n giving ovei qn pci 
c 1 nl of all those in one dish within I 3 per cent ol the 
mean si/e I here aie few parlic Ies that aie srnousU 
isphcrual , me istneincuts on the wenst shaped inrm- 
Ixr of a sample oi twenty pat tides gave a maximum 
to minimum diameter ratio of 1 oj 1 he amount of 
material separated in each operation is at present 
small, amounting to only o 3 gm, but it is possible 
to make at least 3 runs in the same column without 
destioving the density giadient 


■ x 


The method of 
separation might 

oo 

n ^ 1 

be applie d duectly 

0 

0 . 

to the size distri¬ 

) 

bution analysis of 

(, 


powders, and pai 

( 

f 1 *■ 

ticulaily to ^ 


method depending 



on the scattering 

0 

> 

t J 

or absorption of 



light by the par¬ 

> 

v ) 

ticles as they cross 

Figure 1 

Photomicrograph of 

a given horizontal 
section lhe 

nysti glass spheres, mean 

spheres produced 

diameter * 4^, immersed m u a*er 

by the foregoing 



technique should 


be useful for any application requiring standard par- 
tides with diameters between 1 and 100 p They 
might if necessary be coated with metal by vacuum 
evaporation 

The photomicrograph, Figure /, shows the degree 
of uniformity achieved yy Paui 

Natural Philosophy Department ^ ^ Jonfs 

University qf Aberdeen 

(Received December i<)4<j) 

REFERENCE 

1 Sollner, K Ind*Eng Chem Anal Ed 11 (1939) 48 

99 


One dimensional Flow behind a Steady Plane 
Detonation 

\< c ok Di N( to the accepted theoiy of plane detona¬ 
tion the equilibrium reaction ptoducts have a well 
defined initial forward velex'ily W , which together 
with their aeoustic velocity a x and the velocity D of 
the wave itself satisfy the ( hapman-Jouguc t (CJ) 
n lation 

W'i I *i “ D (1) 

C onsiderations of momentum show 1 that the products 
must subsequently decelerate The steady reaction 
zone is theielore followed by a rarefaction which will 
become less steep with time lhe structure of tins 
larcfaction has been analysed by Taylor 2 and 
l^FHirM 1 If detonation is initiated at x - 0 , t 0 , 
md moves with cnnslanl vdoritv 7 ) the flow is 
define el b\ 

x (If \ n)t (i) 

f "i 

wheie lit If I a dqjq (3) 

J Q 

ami q is the density corresponding to W Equation 
3 is to lx* supple mented by the adiabatic relation 
In particular, if this has thi form 

/j —eonstint q y (4) 

equation 1 becomes 

If 2 D / v\ 

»* ' (v I 0»i' w (5) 

In the ptesent note we arc concerned with the 
motion of a typical material element in olhtr words 
with the * Lagrangian * solution This is defined by 

dW e )W DW 

dt ~~ 7 >t 1 W ix (6) 


which by equation 5 reduces to 


t 


dW 

dt 


y - 1 
y 1 1 


(n\ - w) - 


2® 1 

yd 1 


(7) 


Integration of equation 7 gives 



(«) 

where t 0 is the instant at which the chosen element 
traverses the CI plant A second integration yields 


x _ / y 1 y M fli/fy/Cr + i) 

Dt . V ~ y I 1 DJt Q H y - 1 D\tJ 

(9) 

which is the required particle path According to 
equations 8 and 9, the particle decelerates and re¬ 
verses its direction of motion at (*\ f) where 
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V f y - I in *> 

-i- -j 


* 

Dt 


= M, _ ?ZJ ZJ 
t D\ 2 a x 


y - 1 a'A-w* * *> 




(w) 


00 


The locus of turning-pomts in the (x, /) plane 11 
thus a straight line 

x' y-f 1 

D't ~ 1 " 21) Wl (u) 

as is otherwise obvious from equation r , 

11 we usi the wf 11 known approximations 

.< D *' 

' y 1 1 y (' 3 ) 

and wntr v —(y l)/(y I 1), these n suits become 
W 

r- f 1 L .n I 1 _ 1 

(*4) 




X 

2v Di:' 


-"--’-I 


(15) 

Zyirv**' (.6) 

which in turn fm almost isothermal conditions 
(f ~ 0) approach 


W , / 

= 1 - in 


W x 


t . 


(«7) 


family of curved lines corresponding to much lower 
velocities and generally taken to define the move¬ 
ment of the luminous products 4 An unusually fine 
example, due to Bomb and Fraser*, is reproduced 
in Ftgure js The locus of turning-points on the 
curved paths is, m feet, a straight line of which the 
slope is one half that of the wave trace as predicted by 
equation 16 The comparison can, however, be 
earned further by using equation 15 and assigning 
a value to y Figure 1 b was drawn in this way with 
Y — 1 <1 (a probable value) The theory is well con¬ 
firmed, since the two figures may he almost exadlv 
supe nmpoM d 
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If motion is prevented at 
x 0, for example by 
enclosing the explosive in 
a tube ngidly sealed at 
the plane of initiation, the 
partu le remains at rest 
after reaching x' If the 
tube is open, equations 8 
and g continue to apply 
while the paHicle returns 
through its initial position 
Dl % and ultunately passes 
out at the open end 


Wave speed photographs 
of detonating gases fre¬ 
quently contain, in addition 
to the straight edge which 
indicates the steady velocity 
of the wave front, a 



a b 


Figure i Flow behind a steady plane detxmatum in a gaseous explosive a Moving- 
JUm photograph by Bone and Fraser 1 qf mimtion of detonation tn C t H M + O, (By 
p ermt mm qf Royal ponety) b Theoretical trace, according tn equation with 
v ijrr when 7-/2 
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Commentary: Science—its Sphere of Influence 


This subject may seem vague and meaningless, even to many scientists. 
To those, however, who have spent many years in research and teac h i ng there 
come disquieting moments of retrospection. New discoveries of varying degrees 
of importance have been made, new techniques have been devised, new appli¬ 
cations have been made of facts and principles , and the record of science* and 
scientists looks good. Yet there often comes the melancholy reflection that the 
greatest progress may have been in the applications of science to material things 
and in the intellectual development of scientists themselves rather than in the 
enlightenment of people in general 

Science still has a too narrowly restricted significance to too many people, 
including many students wno have been exposed to courses in various fields of 
science The reasons given to the writer by a random sample of intelligent people 
for their appreciation of science included more durable paint on automobiles , 
improved milking machines , faster aeroplanes , firmer ice cream, better 
varieties of wheat, better toothpaste , ball point fountain pens ; electric razors , 
and nylon stockings At least science and technology had made some impression 
on each of the individuals who pnded themselves on knowing something about 
* the wonders of science ’. It must be conceded that many better examples were 
cited, but almost all indicated that the concept of the value of science was limited 
to those things that increase personal comfort and convenience The writer 
would be the last to disparage the services rendered by applied science and 
technology as he himself is in a field of applied science, but has science rendered 
its full measure of service when it concentrates too much on increasing the 
comforts of civilization 7 Is it contributing as much as possible to the progress 
of civilization m the deepest and fullest sense ? Is there danger that science itself 
may sometimes become too authoritarian in its attitude and too limited in its 
interests 7 Is there sometimes a tendency to concentrate too exclusively on the 
facts of science and to neglect its significance in the development of the scientific 
attitude towards problems of living 7 Possibly it is the neglect or perversion of 
the spirit of science that has provoked criticism of science and of the scientific 
attitude. However that may be, the widespread criticism of science and 
scientists has provoked the writing of this Commentary 

In the long and complex process of man’s evolution towards intellectual 
enlightenment and spiritual refinement there have often been misgivings that 
intellectual development was progressing faster than ethical development. Even 
today fears are expressed that our civilization is menaced, that science is largely 
to blame, and that there should be a moratorium on science until man’s spirit 
can overtake his intellect and guide it aright. 

Science is charged implicitly or explicitly with dealing in black magic, with be* 
mg dehu m an i zing rather than humanizing, and with putting new tools into man’s 
hands without at the same time guaranteeing that he will use them properly. 
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Through the ages men have been both 
fascinated and frightened by science, especially 
those who knew little about it and found 
its discoveries disruptive of the status quo 
Consequently scientists have paid heavy penal* 
ties for their discoveries and teachings For 
almost two thousand yean philosophers and 
scientists who tried to substitute truth for dogma 
either did so cautiously or paid for their m- 
caution. They were considered deluded, dan¬ 
gerous, m league with the devil The Faust 
legend of the Middle Ages is eloquent of the 
superstitious awe and fear of men who had 
delved into Nature's secrets enough to confuse 
the uninitiated or disturb their intellectual 
orthodoxy Scientists in most of the modern 
world do not risk life or liberty even if they 
substitute new truths for old errors , in the 
natural sciences at least they are relatively 
immune from anything more serious than the 
frowns of society Is this completely true in the 
field of the social sciences , are penalties ever 
imposed on the unorthodox 7 Have we emanci¬ 
pated ourselves completely from the tyranny of 
our presuppositions and prejudices 7 How en¬ 
lightened are we when we are still afraid that 
the truth may be unpleasant and upsetting 7 
Does a faint taint of suspicion of black magic 
still cling to certain spheres of science 7 


SCIENCE AND THE HIGHER FACULTIES 

The charge is often preferred that science 
substitutes cold reason for the higher faculties, 
that it concentrates on the material and neglects 
the spiritual, that it stifles the imagination and 
the finer feelings, that it tends to suppress the 
aesthetic and the ethical * We have developed 
a marvellous material civihgation before we 
were spiritually ready for tglis a thesis often 
stated and elaborated, jmmbly with some 
justification. Is science tdfblaxne if spiritual 
development has actually lagged behind intel¬ 
lectual development 7 

Is it true that science and technology stifle 
the imagination and blunt the finer faculties 7 
Certainly a good scientist must have the kind 
of creative imagination that enables him to 
formulate scientific hypotheses and discover 
truths What can stimulate the 
more than study of the infinite vastness of the 


universe, what can stimulate the imaginatfoh 
more than study of the vast potentialities of a 
single-celled micro-organism , what can stimu¬ 
late the imagination more than the evolution 
of plants add animals , and what cm stimulate' 
the imagination more than the development of 
man himself from such small beginnings ? 

Poets, peasants and scientists cm all see Md 
fed the beauty of a sunset, but many equally 
inspiring phenomena are hidden to all but 
those who master the technique for observing 
them The sense of beauty in the perfection of 
natural phenomena need not be sullied because 
of attempts to uhderstMd them. 

Final explanations of many phenomena have 
hitherto duded man's intelligence and inven¬ 
tiveness, possibly they always will, possibly 
man is incapable of really explaining himself to 
himself The scientist wonders and thinks, and 
continues his quest for facts Md explanations, 
he u dull indeed if His imagination does not 
carry him beyond the limits of his knowledge 
Md if the insignificance of his knowledge does 
not teach him the lesson of humility Like 
everyone else scientists may have their fancies, 
but, as scientists, they must distinguish between 
facts and fancies They may have their ideals , 
but, as scientists, they must distinguish between 
ideals and realities 

The complaint is often made that science 
tends to harden and coarsen the spirit rather 
than to soften and refine it Science seeks after 
truth about the universe in which we live; it 
seeks facts Md natural laws, it attempts to 
utilize those facts Md laws to emancipate man 
from ignorance and fear of the unknown, from 
the tyranny of his environment, from the 
limitations of his own physical powers, Md from 
the tyranny of his own baser passions Cm 
those objectives be dehumanizing? Science 
Md technology have made it possible for man 
to free himself from many fears Md limitations. 
They have shown man how more easily to feed, 
clothe and shelter himself, to retain his physical 
and mental health, to make machines do what 
he himself cannot do. Is it dehumanizing to 
enable nun to live longer and more comfortably, 
even though comfort is not all of civilization ? 
Cm it be dehumanizing for nun to study him- 
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•elf and hb relations to himself ? Is anything 
really more humanizing than man’s attempt, 
through the natural and social sciences, to study 
himself, his powers, his imperfections, his evo¬ 
lution towards intellectual enlightenment and 
spiritual refinertient ? 

Just as the natural sciences strive to under¬ 
stand the physical man and his physical 
environment, so do the social sciences strive to 
understand factors affecting social behaviour, 
just as the natural sciences try to enable man 
to utilize facts and principles to his own 
advantage, so do the social sciences try to 
give man facts and principles that should 
enable him to live more happily with himself 
and his fellow human beings Unhappily, man 
docs not utilize the facts and principles of the 
social sciences to the same degree as those of 
the natural sciences, because in his relationship 
with himself man’s passions often suppress his 
reason and he becomes cruel to himself Are 
the social sciences to blame for man’s inhu¬ 
manity to man? To humanize himself man 
needs more science not less, even though he 
may need more than science religion, poetry, 
music, art—each according to needs and 


ddctnne of the ever-norai&l granary was 
preached. Then followed the 1939-45 war, 
with & tremendous demand for all-out agri¬ 
cultural and industrial production Science 
and technology had made a marvellous record 
of increasing the efficiency of agricultural pro¬ 
duction between 1918 and 1939 with the result 
that we were able to export enormous quantities 
of food, feeds and many other agricultural 
products. 

Once again, however, there are surpluses in 
some countries and acute shortages in others 
Are scientists to be blamed for the fluctuating 
demands and attitudes? They were not re¬ 
sponsible for the events that caused the fluctua¬ 
tions and should not be enfea/ed for having 
done'What society demanded of them m times 
of crisis, especially when many scientists tried 
to help maintain perspective with respect to 
long term trends Are scientists to be blamed 
for the maldistribution of the means of sub¬ 
sistence and the barriers to exchange ? Lack of 
a scientific attitude towards problems of human 
subsistence was to blame, not science and 
scientists 


values 

RESPONSIBILITIES OF THE SCIENTIST 

It is true that science often gives man new 
tools without guaranteeing that he will use 
them to his own advantage Society often has 
demanded those very tools and then has criti¬ 
cized scientists for having satisfied the demand 
As an example, during the 1914-18 war the 
slogan was 4 Food will win the war \ and farmers 
and agricultural scientists were importuned to 
do everything possible to increase production 
As patriotic citizens they did their best, and the 
best was good Then came the agricultural 
depression, followed by a general depression, 
during which popular pundits declared that 
scientists had been guilty of promoting over¬ 
production Hie doctrine was preached that 
the world was produhng so much more than 
it could consume that production must be 
restricted, even when there was hunger m 
many lands. In die USA. measures were 
taken to restrict production to effective market 
demand. Then cape drought yean, outbreaks 
m insect pests and of plant diseases j and the 


The development of atomic energy is another 
example Curiosity had prompted scientists to 
study atomic energy for some tune before the 
1939-45 war brought the demand for more 
effective weapons The greatest scientific and 
technological project m history was organized, 
the atomic bomb was developed, and now 
scientists are charged by many people with 
having shown civilization how to commit quick 
and effective suicide Scientists did not create 
the situation which led to the development of 
atomic energy for destructive purposes, and it 
is grossly unfair to charge them with responsi¬ 
bility for having met the demands of society 
to invent instruments of war to shorten the 
war 

CIVILIZATION ON'TRIAL 

So we are again told that civilization is on 
trial and that science is largely to blame. There 
even are suggestions that there should be a 
moratorium on science until man is ready 
spiritually tp utiHze property the facts and 
techniques of science. 
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Is civilization really on tnal ? Certainly it is 1 
If civilization u measured by the degree of 
intellectual enlightenment and spiritual refine¬ 
ment attained by human beings, then avaliza¬ 
tion always has been on trial and always will 
be Civilization is not blueprinted and then 
projected into the future with automatic and 
guaranteed controls , its course depends upon 
human evolution as directed by human intel¬ 
lects and human emotions There is no statute 
of limitations on the trials of civilization There 
has been much progress, and sometimes there 
is retrogression, partly fancied and partly real, 
for, as H Greelly said 1 The illusion that 
tunes that were are better than those that are, 
has probably pervaded all ages * Historv is full 
of examples of nostalgia for the good old days, 
because time is likely to be so kind to the past 
as to create a desire to set back the hands of 
the clock and recapture lost values 

Trials and temptations of civilization are 
inherent also in man’s evolution As man pro¬ 
gressed from a nomadic to an agricultural life, 
to industrialization and complex comma cial 
relations, the complexity of his social and 
political relationships also increased and created 
new needs and new problems New inventions 
and new social organizations often require 
wider adjustments and readjustments, with a 
reorientation of attitudes The consequences of 
certain decisions often are inexorable Irre¬ 
versible changes may occur, and society must 
bear the consequences of its decisions The 
realization of ambitions is often incompatible 
with the preservation of cherished values 
Peoples have adopted courses of action without 
reckoning their consequences, then have com¬ 
plained that avalization was deteriorating 
because they could 1*9 have What they had lost 
or thrown away Surely a saentific attitude 
can conduce to wisdom of choice and main¬ 
tenance of perspective regarding trends 

Not only is civilization always on trial, but 
the record is that many avalizations have failed, 
even the vaunted western avalization has several 
tunes been on the brink Was it the fault of 
science * Record shows that it was not- Was 
science, for example, responsible for the Dark 
Ages ? Truth is that lack of science rather than 
too much saence was largely responsible. The 


authoritarianism that suppr es s e d indivaduld 
thought and stifled intellectual progress was as 
unscientific as dangerous It could be dangerous 
even today 

Should there be a moratorium on saence, as 
is sometimes facetiously or seriously proposed ? 
The dire consequences of the virtual blackout 
of saence in the Middle Ages are known to 
every casual student of history We smile in¬ 
dulgently when we recall that learned professors 
in the best universities solemnly but harmlessly 
taught that the elephant had no joints in its 
legs, that the legs of a fox were shorter on one 
aide than the other, that old eagles periodically 
visited the fountain of youth to become young 
again We are inclined to wonder at the wide 
acceptance of the doctrine that the function of 
a learned mind was not to find out whether 
certain doctrines were true but to adduce argu¬ 
ments to prove that they wore true The black¬ 
out of saence had many tragic consequences 
also The abasement of the body to purify the 
soul, the reliance on miracle and fetish healing, 
and the consequent lack of sanitation, led to 
some of the most terrible disease epidemics in 
the history of mankind Perhaps the most tragic 
of all is the fact that much of the misery and 
many of the fears resulted from retrogression— 
in surgery, in sanitation, in engineering, in a 
natural and rational attitude toward life and 
problems of living If time blunts the acuteness 
of our realization of the inhumanity resulting 
from this histone moratonum on saence we 
need only study the distressing situations in 
many scientifically backward countnes today 
Is the modern world entirely free from the 
blighting effects of authoritarianism and its 
tendency to suppress freedom of inquiry and 
expression * 

THE NEED FOR MORE SCIENCE 

What is needed is not a moratonum on 
saence but even more saence and technology , 
particularly is there need for man to try to 
become objective with respect to himself and 
the group 'of which he u a part We need to 
emancipate ourselves from our own stupidity 
and ineptitude with respect to ourselves in 
social affairs Even though the methods of 
social sciences may not be as precise as in some 
fields of natural science, is it too much to hope 
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that man can learn to substitute facts and 
principles for unsupported assertions and easy 
generalizations 7 Can man learn to demand 
truth instead of designing propaganda 7 Can 
statesmanship be substituted for politics 7 Can 
intelligence, honesty, fearlessness and fairness 
be substituted for ‘ the strategy of party and 
lust for the spoils of office 1 7 Perhaps it is hard 
to be really objective about ourselves and our 
group and to apply the facts and principles of 
the social sciences, because man runs head on 
into his own ignorance, his prejudices, his 
selfishness, his greed, his narrow nationalism, 
and certain cherished scruples The emancipa¬ 
tion of man from his baser self obviously requires 
science, but not only science, it requires 
ethics also 

Science can help in improving mankind, but 
it cannot do the whole job Scientists in general 
are motivated either by personal ambition, by 
curiosity, or by desire to render social service 
Even though motives are often mixed, most 
scientists do try to render social service and 
help alleviate distressing situations , but science 
must have help, because there are certain 
limitations to the scientific method Men think 
but they also feel, and their thoughts and 
feelings often become badly mixed Does clear 
thinking necessarily result in right action 7 
The question 1 Can science alone adjust 
morality to its powers 7 9 needs an answer 
The statements of J Fiske that 1 There has 
been more progress in intelligence than in 
kindness ’ and ‘ Half the cruelty in the world 
is the duect result of the stupid incapacity to 
put one’s self in the other man's place' are all 
too true, even today Why are they true 7 

Science can contribute as much to the refine¬ 
ment of the spirit as to the enlightenment of the 
mind For is it not irrational and completely 
unscientific to ignore the facts and situations 
that make people and peoples act as they do 7 
Would we always be so ready to condemn other 
people and peoples if we studied their problems 
with scientific objectivity and based our judge¬ 
ments on facts instead of prejudices 7 If we 
used as rigorous catena of truth m human 
affairs as every good scientist uses m his science, 
would we tolerate the ethics of,the trickster and 
the demagogue, m human relations 7 If we 


always faced the truth, would we be as Phari¬ 
saical as we often are 7 Does not rigid insistence 
on truth help to develop a sense of justice and 
conduce to ethical conduct 7 Science helps to 
humanize but science needs help in the human¬ 
ization process There can be no moratorium 
on science 

A moratorium is needed, but it is A mora¬ 
torium on the conflict between science and the 
humanities that is needed for science, religion, 
music, art, history, and literature have values in 
the degree to which they make men happier, 
wiser and better The value of each vanes with 
individual men All are valuable in so far as they 
illuminate the intellect, refine the spint and 
stimulate useful and ethical conduct To pro¬ 
mote truth, wisdom and justice is not the 
prerogative of any one guild The factors and 
forces in the evolution of the human intellect 
and spirit are vaned and complex, and it is 
unscientific and unethical to deny to each its 
fair share of credit for its contributions 

It would be futile to try to apportion blame 
for the mutual intolerance between some scien¬ 
tists and some humanists Perhaps each group 
understands too little of the aims and attitudes 
of the other, perhaps the aims within both 
groups are sometimes too limited Certain it is 
that some scientists must concentrate on limited 
objectives if their investigations are to be fruit¬ 
ful Do not some humanists plso dedicate 
themselves to a search for the truth m a small 
sector of their chosen fields 7 Those who in¬ 
tensify their search often must sacrifice their 
desire for scholarship to the determination to 
solve problems or to discover the truth, and 
yet it is their researches that furnish the raw 
materials for the scholarship of others 

Humanity needs both the sciences and the 
humanities , both are humanizing to the extent 
to which they humanize There is need for 
more understanding and tolerance between 
scientists and humanists , properly motivated' 
all are humanists and their joint contnbu- 
tions can accelerate man's evolution towards 
intellectual enlightenment and spiritual refine¬ 
ment 
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Gas absorption is an important unit operation in 
chemical engineering, particularly m the heavy 
chemical industry In the purification of coal gas 
and synthetic gas as well as in the manufacture of 
hydrochloric acid, sulphuric acid, nitnc acid, soda 
ash and bleaching lyes, to mention only the most 
striking examples, gas absorption is the essential 
feature of the process Since the 'twenties extensive 
research has been carried out with the result that 
the knowledge of this unit operation has increased 
considerably 

In this article the problems and results m this field 
from the standpoint of the research worker will be 
considered 

The cvcntial element in gas absorption is the maa 
transfer between two fluid phases, if necessary com¬ 
bined with chemical reactions The latter are mainly 
restricted to the liquid phase although, for instance 
in the manufacture of nitric acid, the chemical reaction 
may also occur in the gas phase 

It will be understood that in such a heterogeneous 
process as gas absorption a large contact area is a 
primary requisite for rapid transfer 

There are three ways in which a large contact area 
can be established 

i the liquid is brought in contact with the gas in the 

form of thin films (film scrubbers) 

a the liquid is dispersed in the gas in the form of 

minute dro^i (spray scrubbers) 

j the gas is dispersed in the liquid in the form of 

small bubbles (bubble scrubbers) 

All apparatus applied in gas absorption practice 
is based on one of these three principles or on a 
combination of them 

Here serious problenti are eftoountered which have 
only been partly solved The first things to discover 
when dealing with a process of man transfer are the 
size of the contact area and the way in which this 
size depends on the various conditions of the 
experiment 

The most complete answer to this question can be 
given for apparatus of type / The simplest repre¬ 
sentative of thv type is the wetted wall column, the 
contact area of which may be determined with great 
accuracy For packed columns the question cannot 
be answered so easily, since it cannot be exactly 


considered to be equal to the total area of the packing 
material In apparatus mSvhsch gases or liquids are 
dispersed, types a and 3, determination of the contact 
area is almost impossible 

Only m the last few yean has insight been ob¬ 
tained 1 * 1 into the conduct of gas bubbles during 
their formation m and ascension through liquids, 
although much work is still to be done in this field 

In the following sections of this paper we shall 
mainlv restrict our attention to the proper mechanism 
of gas absorption , and shall deal in turn with purely 
physical absorption and absorption combined with 
simultaneous chemical reactions 

PHYSICAL OA8 ABSORPTION 

The essential factor of physical gas absorption 1* that 
the molecules to be absorbed are transported from 
the gas phase to the gaj/liquid interface , they are 
then dissolved in the liquid and subsequently trans¬ 
ferred from the phase boundary into the liquid phase 
proper 1 

This transportation of molecules is effected partly 
by convection and partly by diffusion In an entirely 
viscous fluid the transport perpendicular to the main 
direction of flow u exclusively effected by diffusion 
With turbulent flow on the other hand there exist 
velocity components perpendicular to the main 
direction of flow which have a very active effect on 
transport towards the phase boundary 

Since the Reynolds number is a measure of the 
ratio between convective and diffusive transport it is 
dear that the rate of transport will generally be a 
function of the Reynolds number of the fluid A 
customary illustrative but very schematic picture of 
a fluid flowing along a boundary plane is as follows 

Imagine the fluid to be divided into an entirely 
turbulent and completely homogenised mam body 
separated from the phase boundaty by a laminady 
flowing boundary layer The diffusion through the 
laminar barrier will then be determinative for rate 
of transport towards the phase boundary, the 
Reynolds number is a measure of die thicknos of 
this boundary layer and tht higher this number the 
thinner the boundary layer 

The picture given is undoubtedly too simple; 
nevertheless it lends itself immediately to a quanta* 
tative treatment of mass transfer and leads to results 
by which the empirically observed phenomena are 
remarkably well interpreted. 


ascertained which part of the packing will be wetted 
For the sake of simplicity the contact area may be 
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In the boundary layer the conditions are those of 
a steady supply of the component A at a plane y x 
with steady removal at the same rate at a plane y t 
In addition to the component A there is present a 
second component Z which n neither supplied nor 
removed Here Stefan's expression 
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(C d + C M ) In 
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is valid, where f( A u the number of mol transported 
per unit of area per second, D is the difiuuvity, C A 
and C M are thq concentrations with respect to the 
components A and Z 
This may be written as follows 


v ^^nn(C f| /C t| ) PC M + A AGg 

^ RT y t -y x RT 

(a) 

where AGg is the gradient of the molal free energy 
of component Z in the layer under consideration 
From this it ultimately follows that an entropy 
difference acts as the driving force m the transport 
of mpleculrs 


For small concentrations of A equation 1 may be 
replaced by 

/) Cg •f C A 


*1- - ZT~" C —<Cs a -CW 
y% —y 1 wjf 

D (Cm,-C A t ) 
ft —Jt 


( 3 ) 


where C gM is the logarithmic mean concentration 
of Z within the layer 

It u clear from the foregoing that mass transfer is 
governed by three factors 


a the so-called driving force C Al — C At ft the 
concentration gradient of component A in the layer 
considered 


b the surface area 


c the thickness of the stagnant layer (x, — x,) 
Applying this to transport in the boundary layer, 
effective thickness x, while considering a unit of area, 
we arrive at the following expression 


pressure between the solute m the main gas stream 
and the solute at the liquid/gas interface (p — pi) 
as the driving force in the gas phase, the difference in 
concentration (C, — C) on the other hand being 
applied as such in the liquid phase 

From this it follows that for the mass transfer from 
the main body of the gas phase to the phase boundary 
the following expression will be valid 

Na ■=*•(!► — A) -(6) 

and for the mass transfer from the interface to the 
main body of the liquid phase 

(7) 

k 9 and k t respectively being the coefficients of 
material transfer m the boundary layers of gas and 
liquid expressed in kg mol/(sec) (iq m) (atm), 
kg mol/(scc) (sq m)(kg mol/cu m) respectively 

Suuc no material can accumulate at the phase 
boundary, for the situation considered is stationary, 
equations 6 and 7 will be identical 

Furthermore it is known that at the interface the 
distribution equilibrium between gas and Liquid is 
established immeasurably rapidly, so that C, and p% 
will be interdependent because of the laws of phase 
equilibrium $ g the law of Henry 

C t =-Hp i .(8) 

where H is Henry's constant 

From equations 6, 7 and 8 we can easily derive 
the following expression for the differential absorp¬ 
tion rate 

Na " wt+nhQ (*”»)“ K§ (/> “ 

• (9) 

where Kg is the absorption coefficient, which con¬ 
sequently is a function of the coefficients of mass 
transfer f p L (« C/H) is the equilibrium pressure of 
the dmolvcd component over the liquid 

In actual practice the integral rate of absorption 
N will be measured By means of an exact integra¬ 
tion equation 10 may be derived 


Na -yfC - Q) - A (C - Q (4) 

In equation 4 the suffix 1 refen to the phase 
boundary , C denotes the concentration m the main 
body of the fluid kg mol/cu m, C, is the concentration 
at the gas/liquid interface, kg mol/cu m , * is the co¬ 
efficient of raaa transfer, given by 

, D __ diffusivity _ 

" * "* effective thickness of boundary layer 

■( 5 ) 

It is customary to use the difference in partial 


(p-%)" V~K+Ap a V 

. . (10) 

where V is the volume of the washer and a u the 
specific area of interphase contact, sq m/cu m of 
packed volume 

The suffix M denotes the logarithmic average of the 
driving force [p — (C/H)] through the entire washer 
and is found by calculating the average of [p — (C/f/)] 

for the entrance and exit section of the washer 

* 

In this connection it must also be stated that the 
efficiency 4 of absorption m that fraction of the 
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component to be ataorbed which u effectively re¬ 
moved, depends on the absorption coefficient and 
the operating variables m the following manner 1 
1 - exp [ - a (1 - P)] 
n "" V * 1 - P «P [“ o (1 - p)] (11) 

rj t 1fa, a and P are dimensionless numbers of the 
following quantities 
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(12) 

where G is the gas flow rate and L is the liquid 
flow rate, cu m/sec, rjut u the theoretical efficiency, 
p 0 the partial pressure in the entering gas and p t the 
partial pressure in the exit gas (atm), C 0 the solution 
concentration m the entering liquid (kg mol/cu m), 
see Figure i> 


Equation 11 is plotted in Figurt 2 , by means of 
this graph the efficiency of the absorption for any 
working conditihn may be predicted, provided that 
AV and a are known Hence it will be clear that the 
detection of the relationships between the absorption 
coefficient and the operating variables has been the 
object of a large number of investigations 


Before going further into this matter, consider the 
relationship 

J .1+ L 

k 9 k, + m t (i 3 ) 


From this it follows immediately that at high values 
of H t as with very soluble gases, it is possible that 
Hk t k 0t resulting in K g ~ k g 
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In a similar case the 
rate of absorption is 
almost entirely deter¬ 
mined by the mass 
transfer in the boundary 
laycj of the gas phase 
Since the thickness of 
thi* layer depends upon 
thff superficial linear gas 
velocity v (m/sec) the rate 
of absorption u consider¬ 
ably influenced by the 
gas velocity k g oc u /• • 

If on the other hand 
H is very small, as with 
slightly dwoluble gases, 
it is possible that 
Hk L ^ k g or that K g *£a 
Hk h Now the rate of 



absorption u determined by the mass transfer 
through the liquid phase boundary layer and 
consequently depends on the superficial linear 
liquid velocity u k L cc u* This different be¬ 
haviour of readily and slightly dissoluble gases 
makes it possible to determine k g and k L inde¬ 
pendently 

For moderately dissoluble gases \\K g may be 
plotted against (!/»)• *, whence k 0 may be derived 
from the slope of the curve obtained, k L being de¬ 
rived from the intercept on the ordinate Figurt 3 
shows a plot of l/Kga against (I/p)* 1 for ammonia 

Die K g value should be deter mined at a variable 
gas velocity but at a constant liquid velocity 

It has already been remarked that the thickness of 
the boundary layer through which the diffusion takes 

place is determined 
by the degree of 
turbulence of the 
fluid , the Reynolds 
number R„ which 11 
a criterion for the 
ratio between the 
convective forces and 
the viscous force s in 
the fluid, being of 
great importance for 
this calculation 
Furthermore it 11 
understood that the 
mobility of the mole¬ 
cules to be absorbed 
with respect to the 
mean mobility of all 
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molecules proves to be a factor of importance m 
this connection 

A measure for the said ratio is provided by the 
Schmidt number 

S Ji 

* D qD (14) 

where v is the kinematic viscosity = /i/e, D being the 
diflusnnty (sq m/sec), /i the viscosity (kg/m sec) and 
q the density (kg/cti m) 

Hence it is obvious that practically all empirically 
determined expressions denote a functional relation¬ 
ship between the coefficients of mass transfer and 
diffimvity, which at the same time contains the 
numbers of Reynolds and Schmidt and can usually 
be written 

kcc DRfS* (15) 

Coefficients of mass transfer — Let us flftt consider the 
investigations dealing with the coefficients of mass 
transfer in the gas phase 

The best known relationship in this field is the one 
proposed by E R G mu land and T K Sherwood 4 
for the wetted wall column 


kgRTdp M 


= 0 024 


/vdQ\ 9 •• /jx \ * 44 

[^) 0 Wa 


(16) 


P being the total pressure, atm, d the internal 
diameter of the wetted wall column and p 9M the 
partial pressure of the earner gas in atm 

This relationship holds for a turbulent flow A 
recent investigation earned out by D W van 
Krsvelkn and P J Hofhjzer* deals with mass 
transfer in wetted wall columns in the field of 
laminar and pseudo-turbulent flows 

A great number of measurements of the coefficients 
of mass transfer for turbulent flow along surfaces of 
different shapes was earned out by R W Powell* 

For parked columns no analogous relationship has 
been found so far giving a quantitative descnption 
of all variables concerned A non-dimensionless re¬ 
lationship which gives a reasonably satisfactory 
correlation of the experimental data is 


* RT\0pfil 1 \qD) g (17) 

M p bong the area of packing material, sq m/cu m of 
packed volume 

A number of investigators’* * consider kg also to 
be influenced by the liquid velocity According to 
D W van Kjlevelbn, P J HomjzER and C J 
van Hooren* the influence of the liquid velocity u 
(irrigation density) can however be explained from 
the fact that wetting will be insufficient for irrigation 
densities of icr* m/sec. Thu is clearly illustrated by 


Figure 4 in which a number of experiments by O L 
Kowalke, O A Houoen and K M Watson 1 are 
represented It proves that the wetted fraction of 
the surface 11 given by the relationship 


1 — exp (— const u) 


(18) 


Some measure¬ 
ments on the mass 
transfer in spray 
towers have been 
carried out by 
A W Hixson and 
C E Scott 1 * 
With respect to 
the values of k&a 
in bubble towers 
only few data arc 
available 11 * 11 

From the fore¬ 
going it may be 



concluded that k L 
is only slightly 
dependent on the 
temperature tor 
conditions of constant mass flow rate we find 


Fig&s 4 Fractional surface 
wcttsng as a function rfsuper¬ 
ficial liquid odocip a c cord ing 
to Kowalke. Hougm and 
Watson 


kg QC 


Dg ** 1 

M.’W T 


ec 
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1 T~* 4 T 
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With respect to the coefficient of mass transfer in 
the liquid boundary layer our knowledge is even less 
complete than in the above Van Krrvelen and 
Hoftyzer* have dealt with mass transfer in the liquid 
boundary layer, measured in a wetted wall mhimn 
the relations given by them, however, are restricted 
to viscous flow T K Sherwood and F A L 
Holloway 1 * earned out an m teres ting investigation 
on packed columns, the results of which may satis¬ 
factorily be represented (see Figure 5) by the 
exp r e ss ion 

** " * l0 ' Dl (^), (<$>)* (ao) 

As regards spray and bubble scrubbers only some 
relevant data are available 11 * 11 14 


From equation 30 it may be concluded that in 
turbulent films k L will be very dependent on tem¬ 
perature, since 



.. (ai) 


where ^ is the activation energy of the molecular 
movement in the liquid according to Lyrino ; 
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for water iU value amounts to approximately 
5,000 cal/mol 

Thu strong dependency on temperature is in agree¬ 
ment with experiment 11 


CHEMICAL ABSORPTION 

Now we shall proceed to a discussion of the problem 
of kinetics of a gas liquid reaction We shall only 
consider the relatively simple irreversible bimolecular 
reactions of the type 

A + B-+R + S (aa) 

The reactions of practical importance generally 
occur in the boundary layer of the liquid Some of 
these reactions proceed so rapidly that they occur at 
the interface , with others the xone of reaction ex¬ 
tends over a 'great part of the boundary layer 

Consequently the situation is as follows a giteous 
component A is earned to the interface by means of 
the normal convective and diffusive transport, where 
it dissolves and subsequently, during diffusion 
through the boundary layer, reacts with the second 
component B entering the boundary layer from the 
mam body of tb^iquid phase* wc Figure 6 

The first investigator to deal with this problem 
was S Hatta 1 *, who in his mathematical treatment 
made use of considerable simplifications. he con¬ 
sidered a reaction of the first order, consequently 
his solutions have no practical value 

In recent articles by van Krevelen $t ain tv * 11 the 
problem has been further worked out 

The velocity at which the reaction now p r o ce e ds 
depends on three factors 

/ the tra nsp ort velocity of A in the boundary layer 


9 the transport velocity of 2? in the boundary layer «- 

3 the reaction velocity proper of A and A in the 

boundary layer 

The complicated theoretical derivation 1T > 11 of the 
final relationship for rate of absorption will not be 
discuned here the mathematical problem resolves 
itself into the solution of a differential equation of 
the second order 

^7 “ djgi " * ^ • • ( a 3) 

where A 0 represents the solute concentration, expressed 
m kg mol/cu m, and B § the concentration of 2 >, kg 
mol/cu m 

We shall give here a qualitative approximation of 
the results of the calculation Aa a measure for / the 
product k^Ai («» Af l( the characteristic rate of mass 
transfer of A) may be considered if the optimal 
transport velocity of component A through the 
boundary layer, if diffusion is the only factor involved 
A t is the solute concentration m the liquid at the 
gas/liquid interface, kg mol/cu m 

In the saml way the product k I JB L (— M t the 
characteristic rate of mass transfer of B) may be used 
as a measure for a, namely the optimal transport 
velocity of B through the boundary layer as a result 
of pure diffusion 

Finally, the product k A, B t x L (-* Q,, the charac¬ 
teristic rate of the reaction) to a measure of 3 . it is 
the highest reaction velocity in the boundary layer 
which can be imagined B t is the concentration of 
component B in the main body of the liquid, 
expre s se d in kg mol/cum and x L is the effective 
thickness of the liquid phase boundary layer 

In the light of the foregoing it is obvious that 
according to theory the differential rate of absorption 



Dtttonc* from interface 
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per unit of Interfadal area A^ui function of M u 
M % and Q,. In Figure 7 this relationship » rep r es en ted 
graphically; for this purpose M x has been selected 
as a standard rate so that NJM X has bqen plotted 
as a function of QJM X for the various values of 


In a certain sense the ratio N A }M X is the factor 
denoting how many tunes the gross rate of absorp¬ 
tion is greater than the rate of physical absorption 
in other words it is the acceleration of the absorption 
as a result of the chemical reaction 

From Figure 7 a number of interesting conclusions 
may be drawn 

As long as or QJM lt u small, NJM X is approxi¬ 
mately equal to 1 , this means that the absorption 
proceeds practically at the same rate as diffusion of 
A through the boundary layer 

When Q. increases N A increases also At a small 
value of k m (slow reaction) B L being huge (great 
excess may reach values located on the line 

s;■ ©* *' ** “ (&">)* - 

(« 4 ) 

m other words, the rate of absorption becomes pro¬ 
portional to the root of the concentration of B in 
the mam body of the liquid, and is independent of 
the thickness of the boundary layer so that it will 
be independent of the liquid velocity k M u the 
reaction velocity constant 

If on the other hand k M u great (hut reaction) 
B h being relatively small (Insufficient excess of B) 
the rate of difftuaon of B becomes determinative for 
the rate of absorption In Figure 7 thu is proved from 
be honsontal part of the curves. It will be seen 


that here M A - M% Since M t depends on die thick¬ 
ness of the boundary layer, the rate of absorption is 
strongly influenced by the liquid velocity. 

All the above Is con finned by experiment 
Examples of very fiut reactions, m which N A — M t 
— kifiu are the neutraluatio n reactions (absorption 
of hydrogen sulphide m 
alkaline liquids, absorption 
of ammonia m acid solu¬ 
tions), and the absorption of 
carbon monoxide in am- 
momacal copper solutions. 
Characteristic examples of 
slow reactions, for which 
consequently equation 0411 
valid, are the abrorption of 
ethylene in sulphuric add 
and of oxygen m am- 
momacal copper solutions 
An intermediate position 
is adopted fay the moder¬ 
ately fast reactions the 
absorption of carbon dioxide 
in alkaline and ammomacal 
liquids 

In addition to the fore¬ 
going, for very fast reactions, the transport of com¬ 
ponent A through the boundary layer in the gas 
phase may play a part and may even become deter¬ 
minative A brief discussion of this phenomenon 
will consequently not be out of place 

In Figure 8 a and b, the concentration diagram has 
been plotted for a reaction which proceeds at an 
immeasurable rate When the excess of £ is suffi¬ 
ciently great the case represented by Figure #a arises • 
the reaction proceeds entirely at the phase boundary. 
However when an insufficient amount of B n avail¬ 
able at the phase boundary, A can penetrate Into 
the liquid and we have the situation re pr ese nted by 
Figure 8b the (immeasurably narrow) reaction zone, 
running parallel to the phase boundary, is located 
within the boundary layer of the liquid 

Mathematically thu can be treated in a very simple 
manner For transport in the gas phase equation 95 
is valid 

“’ *• (£ — A) , • (« 5 ) 

For traniport in the liquid phase it miy be teen 
from Ftgun 8b that 



where **+*»— Jt t ... (*7) 

*,.being the effective thicknen of the liquid phue 
boundary layer from gu/bqmd Interfax to reaction 
rone and Xi the cffectnfe thickpew of the liquid 

lit * 
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Figure 8 Concentration diagrams far absorption 
with svmulteneous (van fast) chwmcal reaction 
ft mats if compound 6, b vuqffinent amount if 
B at phase bmmdary t f » film boundary t I — 
interface, r » reaction zona 

phase boundary layer fiom rracUon zone to main 
body of liquid 

When equations 95 and 26 are worked out for 
D A — D we find the following relaUonship 
for the differential rate of absorption 

“ WZT+WHkj ( P + H ) 

(s8) 

From the fact that ^ O ltfjbaturally follows that 

P >~£ 1 • <« 9 ) 

Here Figure 8b holds 

If equation 99 is not satisfied we have 

= *8 P ( 30 ) 

wh4n Figure 8m holds 

The important consequences of this reasoning will 
be evident as long as component B is present in 
great excess, the ro£ of absorption is determined by 
equation 30 and is only influenced by the gas velocity 


However as soon as equation 29 a satisfied the in«* 
flqence of the liquid velocity will increase, see equa¬ 
tion 28 For gases which cannot easily be dissolved 
(small //-value) it may be that the influence of the 
gas velocity disappears altogether 

It is even possible that in one and the same 
apparatus both relationships for the differential rate 
of absorption, equations 98 and 30, are observed , 
namely 30 in the upper section of the apparatus and 
a8 m the lower one The integral rate of absorption 
is then apparently governed by very complicated re¬ 
lationships , m fact, however, the problem is simple 
and may be reduced to equations 98 and 30 

In a recent paper 1 * all these examples of chemical 
reactions are described and compared with experi¬ 
mental data 

CONCLUSIONS 

From the survey on physical gas absorption it is 
obvious that our empirical knowledge is still far from 
complete on many points The wetted wall column 
has been the subject of romt investigations As re¬ 
gards the packed column we have not yet succeeded 
in finding a satisfactory dimensionless relation for 
the coefficient of mass transfer as a function of the 
operating variables. Even less knowledge has become 
available about the relationships with spray and 
bubble washers 

Furthermore an urgent need is felt for a more 
profound theoretical knowledge The problem of 
the nature of the influence of the Reynolds and 
Schmidt numbers as observed empirically has only 
partly been solved Furthermore we feel the lack of 
a satisfactory theoretical treatment of the degree of 
irrigation as a function of operating variables in the 
packed column , this may also be said about the 
mechanism of gas bubble and drop formation in 
bubblj and spray washers 

Generally speaking, the problem of the kinetics of 
chemical absorption has been solved in principle 
Here also however we are still f a ced with many 
difficulties eg in the fields of the reversible reactions 
and the more complicated reaction mechanism, for 
instance, simultaneous reactions m the gas and 
liquid phase* 

In actual practice the research work of the last 
twenty five yean has led to the important result that 
on the basis of present understanding a few measure¬ 
ments with a particular apparatus will usually be 
sufficient to make extrapolations for changed con¬ 
ditions with reasonable accuracy Also it is possible 
to calculate with satisfactory accuracy full scale 
columns, using measurements canted out in semi- 
technical apparatus. 
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Gram Staining Reaction for Micro-organisms 

M WEBB, PhD 

Department of Chemistry, University of Birmingham 


Throughout all branches of bacteriology and 
microbiology it is probable that no single staining 
reaction is so frequently used as the Gram reaction 
Discovered m 1883-84 by the Danish pathologist, 
H C J Gram 1 , the staining reaction was developed 
empirically for the differentiation of bacteria in 
infected tissues It would appear that in his original 
method Gram used aniline oil and gentianviolet 
to stain the nuclei of sections of nephritic kidney 
followed by LugoTs iodine to obtain a yellow staining 
of casts Dehydration with ethanol, however, com¬ 
pletely decolorized the preparations Sections of 
pneumonic lung, treated in the same way, showed 
micrococci which retained the blue stain Micro¬ 
organisms which similarly remained stained after 
extraction with ethanol were observed also in cases 
of tuberculosis, anthrax, pyaemia and erysipelas 
Gram further records that the presence of micro¬ 
organisms, such as the typhoid baalli, which were 
decolorized with ethanol, could be demonstrated by 
the use of a counters tain of contrasting colour, such 
as btsmarck brown 

With application of the technique to general 
bacteriology, organisms of the first group came to be 
known as 1 Gram positives \ those of the second as 
‘Gram negatives', whereas organisms particularly 
susceptible to small variations m the staining tech¬ 
nique, and thus with intermediate staining pr oper ti es, 
wen called * Gragt variables *. 


It is now realized that the reaction of bacteria to 
the Gram staining technique is correlated with so 
many biological differences that the division into 
Gram positive and Gram negative species must 
necessarily correspond to some fundamental differ¬ 
ences in the structure, chemical nature and physical 
behaviour of the individual edit 

In principle the Gram technique m its present 
form consists essentially in staining fixed smears with 
an aqueous solution of a dye of the jtararosanilme 
senes and mordanting with aqueous iodine Subse¬ 
quent washing of the preparation with ethanol or 
acetone removes the dye from the Gram negative 
organisms, whereas the Gram positive retain the stain* 
Differentiation is rendered more obvious by counter- 
staining With an acid fuchsin dye of contrasting colour 
It is apparent that such a sequence of staining 
reactions demands a standard technique Several 
modifications of the method are available which may 
not give strictly comparable remits For the Gram 
reaction to have its full significance it would appear 
that such factors as the type of fixation, the duration 
of staining, the nature of the mordant, the nature of 
the decolorizing agent and the time m which it is in 
contact with the cells should be standardized 
Furthermore, retention of the Gram positive stain is 
not a constant property of a given ceU but, within 
limits, van* with stfch factori as the age of the 
culture and the nature of the culture medium. 
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the observation wai made that befor e cellular dh£ 


The ability to retain the Grain pontnre turn 
appears to be a speafic property of bacteria and 
yeasts only. Modifications of the method have been 
used for ftmimng chromosomes** 1 but, in general, 
cells of animal or vegetable origin do not retain 
the stain 

MECHANISM OF THE OEAM REACTION 

As the various theories which have been proposed 
to explain the mechanism of the Gram reaction have 
been reviewed m considerable detail both by R J 
Dubos 4 and more recently by M Welsch 1 , it is 
proposed in this review to give consideration only to 
studies which have contributed materially to an 
understanding of the fundamental di ff erences, both 
in structure and function, which exist between the 
Gram positives and the Gram negatives 

In stained smears of Gram positive organisms 
individual cells may be observed which appear Gram 
negative, and the incidence of these Gram negative 
forms increases with the age of the culture £ 
Dtussxn* observed that this transformation from 
Gram positive to Gram negative could be effected 
by acids and alkalis, and by autolyiH Yeast cells 
became alolost completely Gram negative when 
extracted with a-4 per cent sodium hydroxide, and 
subsequently became considerably shrunken when 
washed several tunes with water f Deussen also 
recorded that salts of nucleic acid diffused through 
the cytoplasmic membrane of these distorted cells so 
that their original Gram positive state was partially 
restored 

It was observed by J D Churchman 1 that 
suspensions of BaciUus cmlhraets became Gram nega¬ 
tive when brought into contact with small amounts 
of gentian violet or acnflavme These Gram negative 
forms appeared thinner than the original Gram 
positive cells and the cell-free filtrates from such 
preparations were a timed to contain proteins since 
they gave a positive reaction with mnhydnn On 
the basis of these observations Churchman postulated 
the existence of a Gnun pofiitive cortex and a Gram 
negative medulla 

Similarly N GinrraiN’, by the application of a 
senes of staining and mordanting techniques, reached 
die conclusion that the ectoplasm of the Gram 
positive cell was composed of a basic substance m 
combination with an add lipid, and that this complex 
was responsible for the retention of the Gram stain. 

The concept that Gram positive micro-organisms 
contained a complex structure at or near the cdl 
surfhee which was responsible for the retention of 
the positive stain, was considerably strengthened by 
JL J Dubos 91 * work on pneumococcal autotyns, to 
be discussed in more detail later. In these studies 


integration occurred, the autofyting pneumococci 
first became Gram negative. An analysis of the 
material liberated into solution when a susp ension 
of Rough pneumococd type II was allowed to 
autdyse at 37°G and at pH 7 until Gram negative, 
revealed the presence of a nbonudeoprotein and 
ribonucleic acid 11 * 9 It was also found that by a 
«pil*r process of controlled autolyus it was possible 
to release from staphylococci a substance which gave 
the reaction* of ribonucleic acid 
The foU significance of these observations was 
realised when it was shown by H. Henry and M. 
Stacey 11 that suitable Gram positive bacteria and 
yeasts could be • st r ip pe d 9 of an essential component 
of their Gram positive material by extraction with 
a per cent sodium cholate at 6o°C and thereby 
rendered Gram negative A fraction from the 
extract, which itself stained Gram negative, could 
be * replated 9 on to the Gnun negative cytoskclctons 
under reducing conditions, pa restore the Gram 
positive staining characteristics Analysis of this 
fraction showed that it consisted essentially of 
magnesium nbonudeate, together with carbohydrate 
and traces of protein With exposure to air the 
cytoskeletons became irreversibly oxidtaed and, at 
the same time, lost their ability to recombine with 
magnesium nbonudeate Less complete recoupling 
occurred when magnesium nbonudeate was replaced 
fay the sodium salt, and repUUng could never be 
achieved with salts of deoxyribonucleic acid, or with 
nudeondes or nucleotides 
In these studies, which have mostly been confirmed 
by J. W Bartholomew and W W Umbreit 11 , the 
important observation was made that the reduced 
cytoskeletons of one ex tr acted Gram positive organism 
could be recombined equally well with magnesium 
nbonudeate from the extract of the same or other 
Gram positive cells The fact that the mideic mods 
are interchangeable suggests not only that the various 
bacterial nbonuddc acids show little, if any, struc¬ 
tural differences but also that there is a similarity 
in the chemical structure of that part of the 
cytoskeletons with which combination occurs Pre¬ 
sumably, this receptive structure is destroyed or 
altered in some way when Gram positive cells are 
rendered Gram negative by enzymic methods *mce 
the cytoskeletons obtained under these conditions 
fad to recombine with magnesium nbonudeate. 

NATURE OF THE ORAM COMPLEX 

From the observations des cri bed above, it was 
concluded that the Gram positive organism differ 
from the Gram negatives m fasviq^ as part of their 
surface structure, the magnesium salt of nbonnctac 
acid 11 . It was Anther suggested that the Gram 
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positive material in micro-organisms was a high 
molecular complex formed by the combination of a 
reduced basic protein in the cell cytoikeleton with 
the magnesium nbonucleate Thu latter complex 
was later isolated as a nucleoproton containing 
magnesium and -SH groups f r om a number of Gram 
positive organisms by a procedure which involved a 
relatively short autolysu and, in its native form, was 
found to stain intensely Gram positive 14 Dissociation 
of the nudcoprotein gave ribonucleic god together 
with some deoxyribonucleic acid, and a basic protein 
which contained arginine and -S-S- linkages 
Neither the nucleic acid nor the protein alone could 
be stained by Gram’s method, but on re-forming the 
complex at pH 5 in the presence of magnesium 10ns 
and formaldehyde it again stained Gram positive 
In these experiments it was found that in a senes 
of Gram positive and Gram negative organisms the 
ratio of deoxyribonucleic acid to nbonucleic acid was 
considerably higher in the Gram negatives than in 
the Gram positives The same conclusion u also 
reached from a study of the results of A Boivin, 
R Vendrsly and R Tulahne 11 
Although the nucleic acid of the Gram complex 
was, in general, dissociated from its combination with 
other cellular constituents by the highly surface active 
sodium cholate, the essential component of the Gram 
complex of B subtihs was isolated, under these con¬ 
ditions, as a white, fibrous, protein-free solid, which 
contained both nbo- and deoxynbonudeic acids 
apparently in combination with polysaccharide 1 * 
Further evidence suggesting that the nudeic acid 
of the Gram complex u associated with polysaccharide 
was provided by a study of the action of lysozyme 
on heat-lulled Gram positive organisms Lysozyme, 
the enzyme in egg-white which lyses living suspen¬ 
sions of certain saprophytic micro-organisms, par¬ 
ticularly Mi c rococcus lysodethttau , owes Ui action to the 
ability to hydrolyse certain polysaccharide compon¬ 
ents of the cells 14 * 1T The lysis of susceptible Gram 
positive bacteria by lysozyme is preceded by a change 
in the staining reaction from Gram positive to Gram 
negative 11 Although killed Gram positive cells are 
more resistant to the action of lysozyme than are 
living cells, it has been shown that killed cells become 
Gram negative when incubated with lysozyme 11 It 
was observed that during this change from Gram 
positive to Gram negative, certain linkages in 
polysaccharide material located at the cell surface 
were hydrolysed, and undegraded nbonucleic acid 
was liberated from the cells Recent work by H. J 
WaiJHmwt and G F Robinow 14 with B megatherium 
suggests however, that marked changes in per¬ 
meability occur as a result of the action of lysozyme 
on carbohydrate components of the cell wall, and 
the 1 observed change in the Gram staining reaction 


is due to the la® of nbonucleic acid from the cells 
by a p r ocess of diffusion 

Although Gram negative bacteria contain relatively 
large amounts of nbonucleic acid 11 which is respon¬ 
sible for the basophilic properties of the cytoplasm* 1 , 
apparently they do not con tarn the surface 1 nbonu- 
deoprotein 1 constituent which characterizes the 
Gram positive organisms Indeed, Gram negative 
bacilli and cocci liberate a molecular complex 
consisting of phospholipid, protein and polysac- 
chande when extracted with a wide variety of 
reagents, and immunochemical analysis suggests that 
this complex 13 located at the cell surface** Thus 
it appears that Gram negative bacteria, although 
differing m immunological specificity, are character¬ 
ized by a common organization of surface constituents 

AUTOLYfllS OP ORAM POSITIVE BACTERIA 

A step towards elucidation of the structure of Gram 
positive organisms has been made recently by a 
study of the enzyme systems involved in the autolytic 
disintegration of the cells 1 * Earlier studies of 
bacterial autolysis were confined mainly to the 
pneumococcus, and revealed that the lysis of the 
cells was accompanied by proteolysis, resulting in an 
increase in both amino- and non-roagulable nitrogen, 
and by lipolysu liberating ether soluble fatty acids* 4 
Cell-free autolysates, containing the enzymes of the 
autolytic system, acted upon heat killed pneumococci 
to give results comparable with those from spon¬ 
taneous autolysu and also brought about the partial 
lyus of suspensions of heat killed Streptococcus vtndans •• 
Further observations 1 * revealed the significant fbet 
that before lyiu of the pneumococci occurred the 
cells first became Gram negative, and thu change m 
the staining reaction was not necessarily associated 
with complete lysis of the cells It was possible, 
moreover, to effect thu change in the Gram s tainin g 
reaction of heat killed Gram positive pneumococci 
by the action erf* pancreatic nbonurleasc** and a 
nbonuclease-like enzyme isolated from rabbit leuco¬ 
cytes* T These enzymes, which have the common 
property of specifically hydrolysing nbonucleic mad, 
have been shown to render Gram negative a wide 
range of heat killed Gram positive micro-organisms**. 

Extension of the investigations of bacterial autolysu 
to other Gram positive organisms has shown, jn 
agreement with Dubos u , that it u possible to divide 
the autolytic disintegration of the tells into two 
separate and dutinct stages, namely the change from 
Gram positive to Gnun negative, and the subsequent 
lyris of the Gram negative cell bodies 11 The fact 
that the second stage of autolysu was inhibited by 
reduhng agents made possible thfe ablation of the 
enzyme systems of the two stages The non-specific 


enzyme system rapofrdble for the lysu of the Gram 
"5 
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negative cell bodies was composed of a proteinase 
and a peptidase, and its action resulted in the 
complete disintegration of cellular structure, with 
little contribution to an understanding of cellular 
architecture This proteolytic system had no action 
on heat lulled Gram positive cells and did not play 
any part in autolysis until the cells had become 
Gram negative 

Detailed studies of the properties of the initial 
stage enzymes from both Closlndusm welchu and 
Staphylococcus citreus revealed that the two were 
closely similar Although differing in several 
respects from the nbonuclease of animal tissues, 
they had in common the property of hydrolysing 
free ribonucleic acid, but not deoxyribonucleic acid 
Ihese enzymes were ipeeies specific, and to some 
extent strain specific, in their action on heat killed 
Gram positive cells Since the ribonucleic acids of 
the Gram complex of various bacterial species do 
not show any fundamental structural differences 11 , 
the specificity of these enzymes is apparently deter¬ 
mined by some other component of the Gram 
complex, possibly the specific polysaccharide 

IOOATION OF THE ORAM COMPLEX 

The problem whether the Gram nuclcoprotein is 
located at the surface or is contained within the 
cytoplasm of the Gram positive cell is of considerable 
interest In this connection the relative ease with 
which ribonucleic acid may be removed from 
suitable Gram pouuve cells with sodium cholatc, 
together with the fact that the resulting Gram 
negative cytoskeletons, after reduction, accept mag¬ 
nesium nbonucleate to become Gram positive again 
within a few minutes, suggests that the nucleic acid 
is located at or near the cell surface 

The work of J W Bartholomew 11 m which it 
was claimed that Netssma caiarrhalis became Gram 
positive within fifteen minutes when treated with 
magnesium nbonucleate in the presence of formalde¬ 
hyde also suggests that the Gram positive material 
is located at the cell surface, since it is unlikely that, 
under these conditions, the nucleic acid molecule is 
able to penetrate into the cell These results, which 
require the existence ftflMtoeell surface of a protein 
of particular structure which is capable of combining 
with nucleic acid to form a Gram positive complex, 
cannot, however, be accepted, since attempts to 
repeat the work have proved unsuccessful Further¬ 
more, suspensions of both N catanhalis and N 
gonorrhoea*, previously extracted with s per ceQt 
sodium cholatc at bo°C, failed to combine with 
magnesium nbonucleate 19 

The action of enzymes reveals that considerable 
differences exist between the structures of Gram 
positive and Gram negative cells In general, killed 


Gram positive organisms are resistant to protedytid 
enzymes, such as trypsin, provided these are free 
from nbonuclease activity 11 * f 99 Killed Gram 
negative organisms, on the other hand, are readily 
lysed by trypsin, as are also the Gram negative cell 
bodies which result from the action of nbonuclease 
on killed Gram positive organisms From this 
information it appears that m killed Gram positive 
cells the nbonucleu acid of the Gram complex 11 
located at the cell surfkce Evidence which suggests 
that the nucleic acid is similarly located in living 
Gram positive cells follows from the fact that the 
change from Gram positive to Gram negative which 
occurs with the liberation of ribonucleic acid 19 when 
lulled Gram positive cells arc incubated with lyso¬ 
zyme alio occurs as the initial stage of the lysis of living 
organisms by lysozyme 11 In the highly susceptible 
Micrococcus lysodeikhcus it has been claimed 91 that the 
lysozyme substrate is apparently one of the antigenic 
components of the organism and presumably forms 
part of the cell surface 

Hie application of immunological methods would, 
theoretically, enable the location of the Gram com¬ 
plex to be determined, since the intact bacterial cell 
reacts most readily, if not solely, with antibodies 
which are directed against those of its constituents 
exposed at or near the cell surface 99 Unfortunately, 
in contrast to Gram negative organisms, Little is known 
of the nature of the complete surface antigens of 
Gram positive bacteria, and there appears to be no 
record of the isolation from the latter of a complete 
antigen whose serolofpcal specificity is due to a 
polysaccharide compjjfnent" However, in view of 
the more recent information concerning the structure 
of the Gram complex, it is possible to interpret in 
more detail the results of the immunological analysis 
of the structure of pneumococcus 94 

Virulent pneumococci may be unmunologically 
differentiated into a number of serological types 
which differ only m the chemical composition of the 
capsular polysaccharide Enzymes have been ob¬ 
tained from saprophytic soil micro-organisms which 
hydrolyse specifically the capsular polysaccharides 
of the pneumococci without affecting either the 
viability of the orggnumi, their Gram staining 
properties, or their capacity to reproduce, under 
favourable circumstances, the type specific capsular 
material 99 The fact that the enzymes are active 
against living pneumococci shows that the capsular 
material is not an essential structure of the living 
cell Simultaneously with the Ion of the capsular 
material, which occurs when hying virulent pneumo¬ 
cocci are treated with the specific polytacchandases, 
the organisms largely lose their ability to agglutinate 
in specific antiserum 99 Although these polysac¬ 
charides determine the immunological specificity of 
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the pneumococci, they arc not themselves antigenic 
Thu fact suggests that in the hung cell the poly¬ 
saccharides arc linked with other constituents to 
form the complete antigen 

When the ribonucleic acid component of the Gram 
complex of pneumococci is hydrolvsed either by 
nbonutlease or by the 4 ribonuclcasc * of the pneumo¬ 
coccus autolytic system, the cells become Gram 
negative and somewhat smaller in sire In each 
instance the change, in the staining nai tion, although 
not affecting the morphology of the cells, results in 
a loss of type specific antigenicity Under these 
conditions the type specific capsular polysaccharide 
is liberated from the pneumoeexo in an undegraded 
form because it is pret lpitible by specific anti«wrum ,r 
It follows, therefore, that the loss of antigenicity 11 
due to the destiuction of a second component of 
the capsular antigen Since the loss of antigenicity 
incurs as a tesult of the specific at tion of 1 ihonuclt asc 
011 the ribonutluc ae id of the Gram complex oi 
pneumococci, it is possible that the cajisular poly¬ 
saccharide is in some way, linked to this complex 
This theory is supported by the o biers at ions that the 
specific polysaccharides obtained bv complete auto¬ 
lysis of types II and V pneumococci contained as 
much as «*, ptr cent of a ribonucleic acid constituent 
in firm combination” Virulent pneumococci are 
differentiated fiom the avirulent valiants only by 
the prese nc c of the polysac c handc c apsulc surround¬ 
ing the cells From this evidence it therefore appe ars 
that the Gi un complex (of Pneumococcus) is located 
at the cell surface 

Trom the foregoing discussion it appt irs essential 
at this point to give some consideration to the 
stiucture of the bactenal idl and, in paiticular, to 
the location of the surfuc constituents The living 
cc 11 consists of a mass of cytoplasm which constitutes 
the main bulk of the cell and which contains the 
nuclear elements which take pait in cell division 
Surrounding the cytoplasm is the cytoplasmic mem¬ 
brane and outside this is the cell wall on whic h such 
a structure as the capsule may be built 11 Normally, 
the cytoplasmic membrane, which is assumed to 
determine the properties of sc mi-pc rmtability of the 
cell, is in dose contact with the tell wall and cannot 
be diflerentiatrd from it Hie monbianc may, 
however, be demonstrated by plasmolysis When 
bartend arc suspended in solutions ofosmoUc piessurt 
higher than that of the c yloplastn, the latter shrinks 
and the cytoplasmic membrane is drawn away from 
the rigid cell wall In the writer's opinion, the very 
rigidity of the cell wall undtr the manv diverse 
conditions which deform the cytoplasm suggests that 
it may be legarded as a porous structural framework 
which is more 01 less responsible for the maintenance 
of cell form I he cquilibnum between the internal 

c 


and external environments of the bacterial cell u 
mainly determined by the semi-permeability of the 
rytoplasmir membrane and, in this sense, the cyto¬ 
plasmic membrane constitutes a boundary between 
the internal and external structures of the cel) 

On this reasoning, it may well be that the Gram 
complex of the cell surface is cither distributed 
throughout the interstices of the cell wall, or is 
located between the cell wall and the cytoplasmic 
membrane It does not appear to form part of the 
strut tuie of the cell wall insofar as the latter can be 
deinonsttated equally well in the rytoskclelons of 
cells icndered Gram negative with sodium cholate 
as in the intact Giam positive organism • Support 
foi the second ot the above hypotheses is provided by 
the following < vide net Normal cells of Saccharomyces 
cent him, when photographed in ultiaviolet light, are 
found lo eontain some substance which adsorbs 
ultraviolet light of j.b^oA and which is associated 
with the outer surface of the cytoplasmic membrane 
The ullt'iviulct adsoiption of this substance, together 
with the fact that K is removed when the yeast cells 
aie tendered Grim negative by extraction with 
sodium cholate suggests that it is the nucleic acid 
of the Gram comple x 

Fuithermore it was claimed by B Deiaporte ,? 
that ribonucleic acid was removed from yeast by 
merely washing the cells with water or dilute sexlium 
bicarbonate It was fuither claimed that then cells 
from which most of the ribonucleic acid had been 
lemoved by the mild extraction procedures were 
capable of growth whe n placed in a suitable medium 
1 his evide nee would appai ently establish the existence 
of nbonuc lcic aud outside the t y toplasmic membrane, 
smrr the passage of the complex nucleic acid molecule 
through the cytoplasmic membrane of the living cell 
cannot be envisaged It seems desirable that this 
work, in viev\ of its significance, should be repeated 
and extended to include the detemumtion of total 
and viable counts since it appears more than likely 
that the ribonucleic acid isolated under these con¬ 
ditions was derived from dead cells in which partial 
autolysis had alre ady taken place 

From the mfoimation at piesent available, and 
without further contrary evidence, it seems feasible 
to assume that the Gram complex is located at the 
surface of the Gram positive cell Thus, it may well 
be that Gram positive, as well as Gram negative, 
organisms possess a common organization of their 
surfaee constituents The consequent differences in 
nature and composition which exist between the 
surfaces of Gram positive and Gram negative 
organisms result in the two groups exhibiting widely 
diftrrcni physical as well as biological properties 
Of interest in this connection is the fact that the 
so-called 4 isoelectric * points of Gram positives occur 
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around pH 2 0 and those of the Gram negatives 
around pH 5 o, whc rras the 1 isoclec trie * points of 
the Gram variables fall between these values. 

MAGNESIUM REQU1RFMFNI1 ofr GRAM POHI1IVE 
AND ORAM NEGA1IVE ORGANISMS 

Knowledge of the nature of the Gram complex has 
already led to results of some interest, particularly 
with regard to the magnesium requirements of Gram 
positive and Gram negative organisms Magnesium 
has recently been shown to be essential for the normal 
cell division of 4 rod-shaped 1 eubacteria in complex 
media 40 * 41 and under conditions of magnesium 
deficiency or excess these organisms were found to 
grow in the form of long filaments This inhibitory 
effect of higher magnesium concentiations on cell 
division is in accordance with *hc fact that enzymes 
which are activated by metallic ions in low concen¬ 
trations are also inhibited by the same ions at higher 
concentrations 41 The magnesium requirements of 
the Gram positive organisms were found to be 
significantly greater than the requirements of the 
Gram negative organisms and this difference was 
attributed to the fact that the former incorporated 
magnesium into the structure of the Gram complex 
In support of this theory, the magnesium of Gram 
negative organisms and the Gram negative forms of 
Grim positives was entirely m the ionic farm, 
whereas part of the magnesium of Gram positive 
cells was ‘ bound * by the Gram complex 

Quantitative experiments in simple synthetic media 
composed ol inorganic salts, a suitable nitrogen 
sourc r and glucose or glye e rol revealed that all of a 
senes of tubac-tuia weic incapable of growth in the 
complete absence of magnesium 43 It was also 
shown that the concentration of magnesium optimal 
for maximum growth varied according to the Gram 
reaction of the tubaclena, the magnesium require¬ 
ments of the Gram positive organisms being some 
ten times greater than the requirements ol the Gram 
negative species In contrast to the observations 
made in complex media, normal cell division 
occurred in cultures of the eubactina in simple 
synthetic media containing, sub-optimal amounts of 
magnesium To explain these differences the 
suggestion was made that in the development of a 
normal bacterial population, magnesium is essential 
both lor the synthesis of essential metabolites inter¬ 
mediate m composition between the foodstuff 
provided and the bacterial ptotoplasm, and for cell 
division In a complex medium containing proteins, 
polypeptides and essential growth factors it is con¬ 
ceivable that some or all of these essential metabolites 
arc normally present in the medium Under these 
conditions, therefore, a deficiency of magnesium 


would predominantly affect the process of cell 
division On the other hand, in a simple synthetic 
medium, magnesium is essential both for growth 
(in the sense of synthesis of cell substances) and cell 
division Under normal conditions of growth, 
synthesis must precede cell division and, presumably, 
requires the higher magne sium concentration That 
is at cone entrations of magnesium below the growth 
optimum, normal cell division occurs throughout the 
restricted population that the medium is able to 
maintain Support for this hypothesis is forth¬ 
coming from the fact that in synthetic media 
containing a wide range of amino acids and growth 
factors, the growth of eubactena is less dependent 
upon the magnesium concentration than is the 
process of cell division, and in such media containing 
small amounts of magnesium, filamentous forms of 
the 4 rod-shaped f organisms arc observed 44 The 
effect of the magnesium ion in the processes of cell 
division and synthesis appears reasonably specific, 
insofar as magnesium can be onlv partially replaced 
by manganese and other metallic ions of similar 
ionic radius 44 


NITROOEN MFT ABOL1SM Ol C RVM POSITIVE 
AND GRAM NEGATIVE ORGANISMS 

A further important difference between Gram 
positive and Gram negative bacterial species is 
revealed from a study of their nitrogen metabolism 
It has been pointed out by E F Gai e 4# that among 
the Eubactcrialcs the oiganismi which can utilize 
ammonia as sole source of mtiogen are generally 
speaking Gram negative, whereas many Gram positive 
species require a wide variety ol amino acids for 
optimal growth It has been shown 44 that certain 
Gram positive bacteria assimilate and accumulate 
certain amino acids in the free state within their 
internal environment Some amino acids, particu¬ 
larly lysine, pass into the cell by diffusion whereas 
others, notably glutamic acid, can only enter the 
cell as a result of an active process 

The capacity to effect the concentration of free 
amino acids within the internal environment of the 
cell is confined to the Gram positive species 47 and 
free ammo acids cannot be delected within the cells 
of Gram negative bacteria under any conditions 
tested There is little doubt that Gram negative 
cells ran assimilate amino acids, but they cannot 
affect the internal concentration 44 It has been 
suggested that this property of Gram positive bacteria 
of assimilating free amino ands represents the first 
step in protein synthesis by these organisms, the 
concentration of the free amino acid within the 
internal environment compensating for the lack of 
synthetic ability towards such substances 41 
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ACTION OF ANTIBACTFRIAl AGENTS 

Finally, mention must be made of the differential 
susceptibility of Gram positive and Gram negative 
species to different antibacterial agents Basic dyes 
and anionic detergents as well as penicillin and 
gramtcidin arc, as a rule, much more active against 
Gram positive than against Gram negative species 
On the other hand tellurites, azides and dichromates 
appear selective for many Gram negative or¬ 
ganisms 4 * 11 Undoubtedly, these differences are 
due in some cases to variations in the properties of 
surface constituents and in others to differences m 
the metabolism of the Gram positive and Gram 
negative organisms Thus, it has been demon¬ 
strated with living and dead yeast cells that acridines 
form acborption complexes with nuclcoproteins and 
in this way exert their antibacterial action by dis¬ 
placing catalytically active ions 1 * The presence of 
the nuclcoprotein at the cell surface, together with 
the greater magnesium requirements of the Gram 
positive organisms, points to the understanding of 
the greater susceptibility of the Gram positive or¬ 
ganisms to these agents Of significance in this 
respect is the observation that the antibacterial 
effects of duunidines are inhibited by nucleic acids 44 
F urthermore, the growth inhibitory effects of 
atabnne, j-chloro-7-methoxy-5- (1 -methyl-4-diethy 1- 
amino-butyl)-amino-acridine, has also been shown 
to be inhibited by both calcium and magnesium 41 

The selective action of anionic detergents and the 
greater activity of cationic detergents against Gram 
positive organisms 44 may, in part, be due to the 
ability of these surface active agents to dissociate 
the Gram complex and, in part, to the protective 
action of the phospholipid component of the surface 
structure of Gram negative organisms 17 * 4 " 

Penicillin has been found to block the assimilation 
of glutamic acid by Gram positive bacteria 4 * and 
possibly also to interfere with the synthesis of the 
Gram complex 41 , in addition, tnphenyl methane 
dyes penetrate the cell and inhibit the internal 
metabolism of glutamic acid 4 *, and sulphathiazolc 
interferes in some way with protein synthesis** It 
has been suggested that the greater sensitivity of the 
Gram positive organisms to these antibacterial 
agents is explained by the greater dependence of 
Gram positives on the ability to assimilate and 
concentrate free amino acids as opposed to the 
capacity of Gram negatives to synthesize these 
substances as and v*hen required 4 * 
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Reaction between Nitrous Acid and Amines 

J C EARL, D Sc, FRIC, FACI 
Formerly of the Department of Organic and Applied Chemistry, University of Sidney 


The history of this subject commenced when m 1848 
R Piria found that he rould produce malic ac id, a 
nitrogen-free compound, by the action of nitrous ac id 
on asparagin 1 , and shortly afterwards A Strecker 
described a similar treatment of glycine* I he 
reaction soon became generally recognized for the 
removal of amino groups 

Further study revealed complications The net 
result of the treatment of a primary amine with 
nitrous arid is not, as a rule, the quantitative formation 
of the corresponding alcohol and nitrogen , several 
other products are formed In 1872, E Linnemann 
observed that the interaction of stiver nitrite and 
it-propylammomum chlonde gave uopropyl alrohol 
and mtrottodipropylaminc in addition to n-propyl 
alcohol, but that the combined yield of these three 
products did not account for the whole of the 
propylamine* Soon afterwards V Meyer and F 
Forster verified Linnemann’s observation and also 
identified propylene as a constituent of the gas 
evolved during the reaction 4 Similar results have 
since btrn obtained with n-butylamine and several 
othei primary aliphatic amines 4 * 4 These observa¬ 
tions and the further one by O Wai lach that ring 
expansion can occur when ahcyclic amines are 
treated with nitrous acid 7 reveal that there are 
complexities in the reaction which were not suspected 
by the earlier work< rs and which still lack a completely 
adequate explanation 

The discovery of the diazo compounds by P 
Griess 4 was a direct outcome of Pina’s earlier work 
Because the diazo compounds so soon found industrial 
application, the nitrous acid/amine group of reactions 
attracted considerable interest Nevertheless, sur¬ 


prisingly little fundamental woik has been done on 
them 

In a general examination of the problem of these 
reactions, a number of questions arise The 
secondary amines, both aliphatic and aromatic, also 
react with nitrous acid, giving nilrosamines It has 
to be decided whether the reaction here is funda¬ 
mentally the same as, or different from, that of the 
primary amines Again, the nitrosation products of 
a-aminoketones and a-aminocarboxylic esters, which 
contain two adjacent nitrogen atoms, are neither 
nitrosamines nor diazo compounds of the aromatic 
type Their position in the general scheme must be 
considered Further, the many secondary reactions 
entered into by the primary products are a com¬ 
plicating factor in any investigaUon of the initial 
nitrous acid/amine reaction 

PROPLRMIS AND STRUCTURE OF 
NITROUS ACID 

The dissociation constant 4 of nitrous acid is o 00046 
at 12 rfC It can therefore be regarded as a weak 
acid Its most notable properly is its instability In 
aqueous solutions 14 of greater concentration than 
o 2 n it decomposes rapidly and spontaneously at 
25°C The decomposition in the absence of air is 
represented by 

8HNO t - > HNO, + 2 NO + H.O 
In air secondary changes also take place 

Quantitative studies m which nitrous acid is used 
as a reagent must be earned out under very carefully 
controlled conditions to minimize the complications 
arising from its decomposition 
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The actual molecular structure of tht acid has 
been a matter for conjecture It certainly ionizes 
to H + and NOt~\ but some of its reactions are more 
readily interpreted as those of an undmotiatid 
molecule HO—N =0 or even of a molecule tending 
to dissociate as a base into NO+ and OH“ For 
example, the ready esterification of nitrous acid by 
alcohols has been attributed to a reaction between 
the alcohol acting as an acid and the nitrous acid as 
a base 11 H Krail suggested that the scheme 

mftdi H 

IIO—N =0 ^ | 

0 =N =0 

explained many otherwise obscure observations 11 
This explanation n calls one of the oldc r problems of 
structural organic chemistry, namely, the simul¬ 
taneous formation of nitroparaffins and nitrous 
esters when the alley 1 halides arc biought into 
reaction with metal nitrites This might be txplaint d 
by the cxisu nee of two isomeric struc turcs lor mlrous 
acid, both gi\mg rise to salts 

O 

/ 

HO—N =0 and H-N 

O 

However, on dissociation to give hydiogen ions, both 
these structures would give complementaiy anions of 
identical electronic structure 

4 I O 

H O N O H N 

O 

Therefore, in any reaction m whtch nitrous acid or 
the metal nitrites may take part in the foim of thur 
1011s, the lesult would be the same whatever the 
structure of undissot lated substance 

THE AMINFS 

In considering any reaction in which primary 01 
secondary amines are involved, two factors must be 
considered 

/ the salt-forming power of the amines 
^ the reactivities of the hydrogens in the free ammo 
group 

The measure of / is given by the electrolytic 
dissociation constants which have been determined 
for a large range of amines A precise measure of 2 is 
more difhcult to reach fhei e have been quantitative 
studies of the reactivity of various amines with 
selected reagents under standardized conditions, for 
example, btnzoylation 11 , or reaction with allyl 
bromide 14 , but with the data available a com¬ 
prehensive and pre cise assessment of this factor for a 
wide range of amines is not possible, 


It u, of course, conceivable that the two factors 
would act together and that their magnitude would 
be affected in the same way by the structure of the 
rest of the molecule Unfortunately, available 
evidence shows that such a simplification is 
inadmissible Arguments on the relative influence 
of the two factors in any selected reaction are 
therefore restricted to a qualitative basis Neverthe¬ 
less, it is possible to arrive at some useful conclusions, 
as will be seen later, for the reaction of amine s with 
nitrous acid 


AMINE NITRI TFS 

The piototypc of this senes, ammonium nitntr, was 
discovered by J ] Bmzcirus 1 * in 1812 and studied 
by M Blrthelot 1- who found it to be considerably 
less stable in aqutous solution than in the dry 
crystalline state, although the solid salt could be 
detonated by heat or percussion In contrast to 
ammonium nitnte, many nitriles of aliphatic or 
ahcvdic amines are stable both in the sobd state 
and in solution Ietrahydro-a-naphthylaminc 
for example (with the amino group in the 
reduced ring), gives a nitrite unaffceted by boiling 
with water 17 Amines of the structure R.CHNH, 
often give stable, easily isolated nitrites 1- as do 
several xlicychc amines derived from the terpenes 1- 
Thc nitrites of many simpler aliphatic anuncs have 
also been isolated in a more or less pure state and it 
is recoided that some of them can be sublimed 
in vacuo without decomposition 1 ” 

In 1907 O Wailach 1- isolated the first aromatic 
amine nitnte, that of ;//-xylidint (1,3 but it 
was not until 1932 that aniline nitnte was prepared 
in a crystalline condition -1 The metluxl used for 
its preparation presents some poinU of interest and 
will therefore be desenbed 

A concentrated solution of sodium nitnte (1 5 gm in 
3 ml water) was placed 111 a small flask, covered with a 
layer of pure ether (20 ml) and cooled to about — I5°C 
At the same tune a solution of pure aniline hydrochloride 
(2 gm in 5 ml water) was prepared and cooled to — 8 J G, 
lower temperatures here causing the formation of crystals 
Ihe distilled water used for the solutions was boiled and 
cooled rapidly immediately before use to expel carbon 
dioxide Ihe aniline hydrochloride solution was poured 
rapidly into the nitrite solution with vigorous stirring, 
care being taken that none of the hydrochloride was left 
on the walls of the flask Fhe white precipitate first 
formed dissolved in the ether on further stirring The 
ethereal solution was decanted into a large test tube 
containing anhydrous sodium sulphate and cooled to 
— ij°C The extraction with ether was repeated and 
the combined dry ether solutions evaporated under 
reduced pressure while still cooling A mass of white 
needles remained On decomposition with alkali the 
amounts of sodium nitnte and aniline obtained 
corresponded closely with those calculated for aniline 
nitnte The crystalline m iterial was completely soluble 
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in water but precipitation of dnuoaminobeiuene toon 
commenced 

Tbe solid product underwent spontaneous decomposition 
when kept at — 6° to — 8 c C After one hour all aniline 
nitnte had completely disappeared, diaaoaminobcnaene 
and diA*o benzene nitnte being the principal pioducts 
formed* 1 

The nitrites of ^-toluidine, ^-phenetidine and 
^-chloroanilmc were also isolated in crystalline 
condition and their decomposition studied both dry 
and in aqueous and methanol solutions 11 In 
methanol the nitrite diiappearcd at a rate rorre- 
sponding with a set ond order reaction This fact is 
significant in the interpretation of the fundamental 
nitrous acid/armne reaction 

One general qualitative conclusion can be drawn 
from a study of the whole held of amine nitnies, 
is the nitrites of strongly basic amines are usually 
more stable in solution than those of weakly basic 
amines 

THE NITROUS ACID/AMINE REACTION 

K Arndt * 4 and A A Bi an chard* 4 both studied 
the decomposition of ammonium nitnte in aqueous 
solution Although their findings were to some 
extent in conflict, they agreed that free nitrous 
acid took part in the reaction Arndt concluded 
that the reaction was between undusociated am* 
momum nitnte and nitrous acid, while Blanchard 
claimed to have shown that the velocity of the 
reaction was proportional to the concentration of 
NHt and NO j ions and was increased by hydrogen 
10ns or free nitrous acid A re-examination of the 
problem was made by I* Abel, H Schmid and 
J Schafranik** who, to avoid the compileationn 
resulting from the decomposition of nitrous acid, 
operated under a positive pressuie of mtnc oxide 
They concluded that the reaction involved 
ammonium ions, nitrite 10ns and free nitrous acid 

In a careful study of the kinetics of the reaction 
between nitrous acid and mcthylamint, T W J 
Taylor was successful in establishing socral vital 
facts", although his interpretation of these requires 
some modification He was able to select expen- 
mental conditions which eliminated most of the 
complications due to the decomposition of nitrous 
and and confirmed two observations previously 
recorded by H von Euler **, namely 

a that with equimolecular proportions of methyl- 
amine and nitrous acid in o 05 n solution at 
95°C there was no appreciable disappearance of 
xnethylamine, 

b that when an additional molecular proportion of 
nitrous acid was added to the above mixture, the 
mcthylamine disappeared at a measurable rate 


Taylor observed further 

c that the reaction between one mol of methylamine 
and 2 mol of nitrous acid was retarded by the 
addition of one mol of sulphuric and, and 

d that the reaction between one mol of mcthylamine 
and s mol of nitrous acid was accelerated to 
an equal degree by the addition of one mol of 
methylammonium chloride or one mol of barium 
nitnte 

From these data the conclusion was drawn that 
the reaction was one in which methylammonium 
10ns, nitrite 10ns and free nitrous acid all took part 
At the same time, when the reaction was followed 
quantitatively, it was found that one mol of nitrous 
acid disappeared for each mol of methylamine and 
the rate of disappearance of the methylamine 
corresponded with a bimolccular reaction 

Dm work was extended to other amines with 
similar results** At that stage the knowledge of 
the nitrous acid/aliphatic amine reaction had led 
to the paradox of a bimolccular reaction involving 
three reactants and the mechanism was not clear* 9 

The diazotiration reaction with the aromatic 
amines was studied quite independently of the 
aliphatic amine reaction A Hantzscii and M 
SchOmann described experiments on the velocity of 
diazoti 7 ation and demonstrated that it was a second 
order reaction* 1 I atcr, Schumann confirmed this 
conclusion by an independent method* ■ For many 
years it was assumed on the basis of these experi¬ 
ments, that the two reactants were the amlinium ion 
and nitrous acid Confirmation of the bunolecular 
nature of the reaction was a result of the work of 
F Tasilly". * 4 , but no vk w of its actual mechanism 
was reached J Boesekfn, W F Brandsma and 
H A J ScHOunsstN subjected all the earlier work 
to a critical examination and pointed out several 
defic itncies m technique leading to inaccurate results 
They also drew attention to a vital fact * one 
will have to take into consideration that the velocity 
of diazouzation may also depend on the basicity 
of the amine For instance it is not at all out of the 
question that the reaction Ukts place exclusively 
between the free amine and nitrous acid Then this 
reaction will be quickest with the weakest bases 
because their salts are hydrolysed to the highest 
degree** 1 It should be explained that the objective 
ot this group of workers was not, at first, to correlate 
basic strength with rate of diarotization, but to 
establish the influence of substituents on the rate of 
diazotization as part of a wider study of substitution 
in the benzene nucleus In a later discussion, 
Bocseken and Schoutusen favoured the Hantzsch 
view that the reaction is between amlinium salt and 
nitrous aod** 
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It u obviously necessary to have a clear demon¬ 
stration of the relationship, if such exists, between 
the basic strength of amines and their rate of 
diazotization Up to a point, the general experience 
is that the more weakly basic amines diazotize more 
quickly than the strongly basic ones It is also well 
known that some weakly basic amines are difficult 
to diazotize and at first sight this appears to run 
counter to the general rule However, it should be 
pointed out that this difficulty to diazotize 11 
associated with the insolubility of the amines 
concerned rather than with their weakness as bases 

J Rfilly ind P J Drumm also recorded some 
experimental results which sum opposed to the 
general trend 17 lhey selected for study a group of 
amines which they considered they could arrange on 
general principles m order of the basic strengths of 
the amino group Die amines were 

H,N<^_ y N(CH,).\ fl 

(/) 

H ,N C H,—N(C H.) ,j. C 1 

m 

H, N y >—CH.-< H 1 -N(CII 1 ), j- Cl 
(///) 

Their classification was based on the known attraction 
+ 

of the —N(C H,) 1 group for elections rhey would 
then fore arrange themselves in increasing basic 
strength / < // < III Of the three amines, III 
supposedly the most basic one was the most rapidly 
diazotized This was regarded as supporting 
Hantrsch and Schumann’s view of the reaction 
mechanism 

_ The irregularities mentioned above may possibly 
be explained by the simultaneous influence of two 
factors on the diazotizabihty of amines, namely, 

1 the reactivity of the hydrogens of the amino group 
and u the basic strength of the amino group 
Boeseken and his collaborators had noticed this 
point, but Reilly and Drumm considered the effect 
of the second factor only Table I indicates the 
difficulty in arriving at any precise relationship 
between the velocity of diazotization and the two 
factors mentioned It does, however, show clearly 
that they both have some influence 
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T« tht* linl c-ulunin arc Riven the relative veloruie* of 
ili i/uh/aUttii til vvtttl uiunn" in the moiul column an 
ihr elettmlvlK riiWKiilion nmatanii u Riven in Inter- 
nation d CnlKal lubln in liie Unrd and fourth in thr 
relative vrloeitiri of b<m/n>l iimn 1 * vui of reaction with 
aUyl bromide'* respectively 

A NEW APPROACH TO THE PROBLEM 

During a study of the coupling leaetions leading 
to diazoammo and anunoazo compounds, some 
remarkable volume changes were observed when the 
reactions werr earned out in methanol solution in a 
dilatomc ter On investigation it became clear that 
thise volume changes occurred during the initial 
diazotization reaction and very similar changes took 
place during the mtrosation of secondary amines'* 

When a reaction mixture containing 1 mol 
methylamlinium chloride, 1 mol sodium nitrite and 
03 to o 5 mol of h\drcxhIonc acid in methanol is 
kept at 8 L C, there is a slight decrease in volume 
during an initiatory period, varying inversely with 
the amount of hydiothlonc and Then there is a 
rapid increase (due to the occurrence of a strongly 
exothermic reaction) followed by an almost equally 
rapid decrease to a constant volume”, Figure 1 At 
first, the explanation of these rhanges seemed to be 
that the initiatory period represented the reaction 
of nitroui acid with methylamlinium 1011s 

+ + 
NMePhH, -f NO OH -> NMcPhNO + HJO + H 

While any free methylamline was present the 
hydrogen 10ns liberated in this reaction would 
immediately take part m the formation of more 
methylamlinium 10ns When, however, no more 
free methylamline remained, the hydrogen ion* 
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Figure a Conductivity changes during coupling 
reactions 

would commence to accumulate ami accelerate the 
mam reaction which would proceed rapidlv to 
eompletion lhis explanation conforms to the views 
o! Hanlzsch anel Schumann, but is not the only one 
which can be offered However, it served the useful 
purpose of direeting attention to the changes in 
hydiogen ion cone entration which might be expected 
to take place during the reaction In fact, the 
changes 111 conductivity when the reaction was 
allowed to piocecd in a suitable conductivity tell 
were very definite and appeared to furnish con- 
vincuig support of the mechanism outlined above, 
Figure a 

If the matter had bte n left at that si age no doubts 
would have arisen as to the corrce mess of the c 011- 
clusions reached When, however, the dilatometric 
and conductimctnc techniques were applied to a 
larger range of both secondary and primary amines 4 *, 
an alternative explanation emerged, which was 
identical with one suggested by D W Adamson and 
J Kfnnfr* for the reaction between the aliphatic 
amines and nitrous acid It amounted to a 
classification of this reaction with the gtoup of 
typical carbonyl/aminc reactions which have been 
so widely studied on account of the che mica1 interest 
of such processes as the formation of oximes, 
hydrazoncs and anils Ihe mtroso group in nitrous 
acul might be expected to react in the same way as 
the same group in numerous organic compounds 
The analogy between mtroso and carbonyl reactions 
can be exemplified by reference to the formation 
of bcnzdlamline and arobcnzenc, the first from 
aniline and benzaldehydt, the latter from aniline 
and mtrosobenzene The intervention of protons is 
known to be an essential factor in carbonyl/amine 
reactions I his is in accord with experience of 
nrtroso/amine condensations For example, a 
solution of cquimolecular proportions of aniline and 
mtrosobenzene in alcohol can be boiled for some 


time without any perceptible change being observed 
With the addition of a very small amount of hydro¬ 
chloric acid, the commencement of the change can 
be observed almost immediately Similarly, the 
bubbling of methyl nitrite into an aqueous-alcoholic 
solution of aniline does not precipitate diazoamino- 
benzenr, but with the addition of two drops of 
acetic acid there is soon a separation into two layers, 
one of which solidifies in a few minutes to a mass of 
diazoaminobenzene crystals 

If it is assumed that the reaction between aromatic 
amines and nitrous arid involves the free amine and 
undissociated nitrous acid, the behaviour of all classes 
of amines, aliphatic, ahcyclic and aromatic ran be 
correlated 41 The observations of von Euler and of 
Taylor, already quoted, that methylamine nitnte 
requires the addition of nitrous acid to bring about 
its decomposition, can be explained in this way It 
can be calculated that in a o 05 n solution of methyl- 
amine nitrite probably not more than 2 35 X 10 4 
of the salt is hydrolysed to free base and nitrous 
acid Further, for all piactical purposes, the nitrous 
acid would be completely dissociated into H+ and 
NOj” 10ns There would, however, be some free 
methylamine If nitrous acid wete added, reaction 
would take plsce with this methylamine and would 
continue by upsetting the equilibrium 

CH.NH, ^CH.NH, f H 

On the other hand, a o 05 n solution of aniline 
nitrite would contain about one fifth ol the aniline 
as free amine and a considerable concentration of 
undissociated nitrous acid Reaction would therefore 
proceed immediately without the addition of more 
nitrous aud 

The characteristic dilatometer and conductivity 
curves already mentioned can also be interpreted in 
the light of this explanation of the reaction In a 
methanol solution of methylanilmr, nitrous acid and 
hydroc hlonc acid m the molecular ratio 1 10 3 

we have the following equilibria operating 

C.H. NH i (CH > ) NO, ^C i H,NH 2 (CH i ) t-NO, 
a t 

C*H,NH(CH a )-f HNO, 

C ,H* NH,(CH,) Cl ^ C t H^H i (CH,)+Cl 

b % 

C,H I NH(CH,)+HC 1 

c HNO.+ CH.OH ^CH.ONO+H.O 

In view of the known ease of esterification of nitrous 
acid it may be assumed that little free nitrous acid is 
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present in the mixture, but always sufficient to 
commence the reaction In the early stagts, the 
reactants art furnished from system a, the reaction 
procetdmg as it does when no h)drochlcnt acid has 
been added The later stages of the reat lion call 
upon system b and the. hydrogen ion concentration 
arid Under the more aud conditions, system c 
becomes more labile and libc rates nitrous acid more 
easily Therefore the reaction proceeds rapidly to a 
conclusion 

The retarding effetl of sulphunr acid on the 
reaction between mcthylaminr and nitrous acid was 
attributed by Taylor to the reduction in con¬ 
centration of nitrite 10ns II that were so, one would 
hardly expect the addition oi smaller amounts of 
acid to accelerate ihi reaction Table 11 relating 
to the nitrosation of dimethylaminc in o 15 n 
solution at 5 3 C shows that such an acceleration does 
occur when the amount of added aud (hydrochloric 
or sulphuric) is less than 1 mol The following 
explanation can be given 
of the above results 
Addition ot strong acids 
to a solution of dimethyl- 
amine nitrite will increase 
the concentration of 
nitrous aud and decrease 
that of free dime thy lamine 
It would be expe c tc d, the re- 
foie, that an optimum set 
of conditions could be 
reach'd in which the 
product [((.H,).NH][iINOJ is largest and at 
which the reaction would proceed most rapidly 

The view that undissociatcd nitrous acid and free 
amine are involved in diazotizalion and nitrosation 
is confirmed by the observed effect of conducting 
the reaction in a solvent of lower dieltctne value 
than watei By this means electrolytic dissociation 
of the amine salt is reduced while its hydrolytic 
breakdown is favoured C A Kraus and R M 
Fuoss 44 found that tetratroamylammomum nitrate is 
only feebly ionized in dioxan solution J C Larl 
and N G Hills 41 therefore suggested the study of 
nitrosation in aqueous dioxan solutions It was found 
that there is a remarkable acceleration in the nitro¬ 
sation of dimethylamine with increasing pioportions 
of dioxan up to 67 prr cent 

While the evidence in favour of considering the 
nitrous acid/aimne reaction to be similar in 
mechanism to the carbonyl/amine reaction is strong, 
there still remains the question of the function of the 
protons which seem to be necessary for the reaction 
How can free amine molecules be concerned in the 
reaction when, at the same time, protons arc needed * 
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Is not this equivalent to assuming that the reacting 
entity is the ammonium ion and not the free amine ? 
If one assumes, with Adamson and Kenner 4 , that 
the reaction proceeds 


H + + rnh, 

HO—N^O * HON-OH — > HO—N—OH 

w 

R—NH, 

N=0 no, N=0 

—► |+ -» | + HNO. 

R—NH, R—NH 


then it is also necessary to assume that conditions 
must prevail under which it is possible for there to 
be a distribution of available protons between amine 
molecules on the one hand and nitrous arid molet ules 
on the other With a strongly basic amine the 
distribution of protons will bo strongly in favour of 
the amine to the detriment of the nitrous acid, so 
that the first stsge of the above scheme would be 
hindered With a weakly basic amine, on the other 
hand, both protons for the first stage of the it action 
and Tree amine molecules lor the second would be 
fieely available 

I he foregoing explanation of the nitrosation 
reaction emphasizes the rapacity of nitrous acid to 
act as a mtroso compound containing the —NO 
group It has alrt ady been mentioned that there arc 
many analogies between the reactions of the mtroso 
group and ihosic of the carbonyl group It is, 
therefore, of interest to compare Adamson and 
Kenner’s explanation of the nitrosation of an amine 
with L P Hammftt’s views on scmicarbazonc 
formation 44 The expeumental work ul J B 
Conant and P D Bar n lit clearly showed that 
the rate of formation of sennearbazones depended 
very definitely on the hydrogen ion concentration of 
the reaction mixture 44 hor example, the optimum 
/>H for the formation of a< etonc semicarbazonr was 
found to be approximately 4 6 Hammett's inter¬ 
pretation of these observations 11 as follows The 
first stage in many reactions of the carbonyl group is 
the addition of a proton 


R 


\ 

C=0 + HA 5* 

/ 


R 



In the complex so formed the carbon u even more 
electrophilic than in the carbonyl compound itself 
Snnicarbaxidc, being nucleophilic, readily attaches 
itself to the highly electrophilic carbon to give 


Ia 5 


Research 3-3 


j c earl Reaction between Nitrous And and Amines 


r-R 




L-R 


\ 

( 

/ 


C—OH 


+ H.N NHCONH, 


r-R OH H 

\l I 

C-N—NHCONH, 

/ I 

-R H 

and the next stage is the removal of a proton from 
this complex by the acid anion 

r-R OH H — + 

\i 1 

C—N—NHCONH, I + A- 

, / I 

R H 
R OH 

\l 

-> C—NHNHCONH, + HA 

/ 

R 

Finally, loss of water gives the itmicarbazone 


KLKCTROPIIII 1C CHARACTER OF fUTRO&O 
GROUP 

When present as a substituent in an aromatic 
nucleus, the nitroso group has a strong influence on 
other substituents Halogens 111 the ortho and para 
positions are rendered extremely reactive and, as is 
well known, ^nitrosodialkylamhnes are readily 
hydrolysed by caustic alkalis to give nitrosophenol 
and the corresponding dialkylaimne This behaviour 
is similar to, but more pronounced than, that of the 
nitro group Die halogen in p-mtrtx hlorobcnzenc 
and in 2,4-dmitrochlorobenzene is also much more 
reactive than in chlorobenzene, while 2,4-dmitro- 
dimcthylamlwe is almost quantitatively hydrolysed 
by boiling with alcoholic alkalis to dime thy lamine 
and 3,4-dinitrophcnol We can conclude, therefore, 
that the nitroso and nitro groups behave similarly, 
but that the former acts more strongly 

There is also a resemblance in behaviour between 
the nitroso and carbon) 1 groups Enohzation 
oi a — CH,CO— grouping u parallelled by the 
mtroso/oximino change, anil formation by the 
formation of aro compounds and so on 

All this suggests that these three groups, nitro, 
carbonyl and nitroso, should be classified together in 
any attempt to generalize the chemiral reactivity of 
organic compounds The two first are typical 
cationoid or electrophilic groups and, in general, 
the nitroso group is to be regarded similarly 1 here 
is, however, a discordant piece of chemical evidence 
which cannot be ignored, namely, the apparent 


ortho-para directing influence of the nitroso group 
when it is attached to an aromatic nucleus Actually, 
the experimental evidence is not extensive, being 
practically confined to chlorination and bromination 
under one set of conditions, namely, in carbon 
disulphide solution at a low temperature 44 Nitration 
gives poor yields with many by-products and no 
other substitution reactions are recorded Moreover, 
in glacial acetic acid solution bromination docs not 
take place and it has been suggested that, since in 
this solvent there is little or no association of nitroso 
benzene into a double molecule in contrast to its 
behaviour in carbon disulphide, the ortho and para 
derivatives art produced from the bimolecular and 
not the monomolecular form 47 In the absence of 
sound experimental evidence to the contrary this 
explanation cannot be dismissed lightly, although it 
is possible to give a plausible electronic explanation 
of the presumed ability of the nitroso group to act 
as an ortho-para directing group 44 
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Thf shortage of sugar and sweetening materials that 
took place in many countries as a result of the 
1939-45 war was the caust of a general increase of 
interest m beekeeping and honey production In 
Great Britain m particular this interest m the honey 
bee was very marked and was evident among all 
sections of the community The phenomenal 
growth and increase in membership of beekeeping 
associations up and down the country bore testimony 
to this Beeswax, used in munitions was abn in very 
short supply Another factor which favoured this 
growth in bttkeeping activity was the b< Ucr under¬ 
standing of some of the major btt div ascs and tht ir 
prevention and control that has arisen m recent 
years 

The fa< t that much < n< ouragement was, and still 
is, given to apiculture from official soutces is due to 
the great value of the honey bee as a pollinator of 
fruit and various food and Kcd crops, including the 
more important clovers In temperatr climates the 
honey bee is of great value as a pollinator in spring 
when few other insects are about, and is especially 
valuable for tree fruits 

NECTAR AND NECTAR SECRETION 

The nectar of flowers has been described as * the 
raw material of the honey industry ’ as indeed it is 
Not all flowers that produce nectar are of value to 
the honey bee for the nectar is often too deep seated 
for her to reach it This applies when the nectar 
is at the bottom of a long narrow flower tube (the 
tongue length of the hive bee is some 7-8 mm while 
that of bumble bees may be 10-12 mm) Nectar is 
secreted by special organs (nectaries) which vary 


much with different plants or different groups of 
plants 1 rhe actual secretion of nectar is governed 
by various environmental conditions such as tem¬ 
perature, soil moisture, type of soil, altitude, 
atmospheric humidity, prcscmi of wind etc Con¬ 
ditions for maximum nectar secretion vary a great 
deal with dillcrcnt plants and a set of conditions 
favourable for one honey plant may be quite unsuitcd 
for free nectar secretion in another Temperature 
and soil moisture are the all important considerations 
with most honey plants Some secrete nectar freely 
at muc h lower temperatures than others In Britain 
it is generally considered that willow, Saltx, and 
heather, Calltma, will secrete nectar at quite low 
temperatuies, appreciably lower than those required 
lor most plants, but further observation and records 
arc net ded to confirm this 

NATURE OF HONEY 

Plant nectar is essentially a dilute solution of sucrose 
(ordinary or household sugar) generally containing 
60-90 per cent of water, together with traces of 
mineral salts and other substuices such as essential 
or volatile mb, flavourings, gums etc These minor 
constituent*! become of importance as the water is 
driven oir the nectar in the hive and the nectar 
converted into honey They arc held to be responsible 
for the aroma and flavour of the honey and account 
for the well known characteristics of honeys from 
different floral sources 

Vitamins are present in most honeys but only to a 
small extent, and their value in honey used as human 
food may be regarded as negligible The presence 
of vitamins 11 considered to be due to the pollen 
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grams always present in honey, some pollens being 
relatively nch m vitamins The protein content of 
honey is low, too low to be of much food value It 
vanes with different honeys, heather honey and honey 
contaminated with honey dew having higher protein 
contents than most other honeys 

BOTANICAL BOURCE* OP HONEY 

The number of species of plants that are visited by 
the hive bee for nectar is legion There are also 
specie* that are vuitid for pollen only and which do 
not yield nectar However, in all countries where 
beekeeping is practised there are certain plants, 
often few in number, that are responsible for the bulk 
of the honey crop These arc (ommonly termed the 
major honey plants The other plants visited by 
bets throughout the year, which may not be very 
prevalent or may have a very short flowering season, 
are often of vuy great importance to the beekeeper 
m that they provide food for the bees in the 1 off 
season enabling them to breed and build up large 
populations of honey gatherers for the major honey 
flow when it occurs 



Figure / Lxm* or basswood t lilia spp, with its 
swat smelling blossoms if important Jot honey m 
Europe and America 

A brief consideration of the major nectar plants 
m honey producing countries is perhaps best done on 
a regional or geographical basis, beginning with the 
British Isles as llie country which most readers of 
this journal are likely to know best 

The British Isles —The major honey plants are 
roughly about a dozen m number and have been 
listed as follows clover Trtfohum, lime Tdta, 
heather or ling Calluna, tree fruits, sainfoin Onobrychxs 
satxva, mustard and other Brassteas, hawthorn 
Crataegus, sycamore Acer pse ud oplatanus, blackberry 


Rubus, willowherb Eptlobtum angushfolium, field beans 
Vicia fata and possibly dandelion Taraxacum 

The clovers, particularly white clover, Tr{foltum 
repens , arc the most important honey producing plants 
in the British Jsles and at one time wc re considered 
to account for about 75 per cent of the country’s 
veaily honey crop The best clover areas for honey 
production are where the soil has an abundance of 
lime, as on chalk, the slopes of the Ghiltern* and 
C'otswolds being very good Some contend that white 
clover yields nectar better on hilly slopes than it does 
on the lowland* 3 

Lime trees (mainly Ttlta vulgaris and T platypkyllos) 
are important source* of honey to many thousands 
of urban bcckc 1 per*, being fairly common a* street 
and ornamental trees Without the lime, bee¬ 
keeping would probably not be worth while in many 
urban area* Ihis probably applies to a large 
proportion of London's subui bs A serious draw hat k 
of the lime is its liability to br attacked by insects 
secreting honey dew When the honey dew is 
collected m quantity by bees, a* it sometimes is 
especially in dry summers, it may spoil the quality 
of otherwise good honey This was a common ex¬ 
pel lence during the hot, dry summer of 1949 

1 he produc tion of heather honey from ling, 
(allium imlgam is laigelv confined to Scotland, 
although the extensive moon in the north of England 
arc also important while a little is produced on the 
Devonshire moor* I rue heather honey ha* several 
c haractenstu * which distinguish 11 from other 
honey*, the most obviou* being it* jelly-like con- 
sistencv which prevents it being extracted in the 
ordinary rotary extractor By many, heather 
honey 1* considered the best of all honeys and u 
much sought after 

Fruit blossom (apple, cherry, plum and pear—to 
place them in their probable order of ment for the 
beekeeper) con*ututcs the first potential honey 
flow of the season for many beekeepers Whether 
‘ surplus 1 honey, 1 e honey in excess of the bees’ 
requirements, 1* obtained depends upon the weather 
and the population or strength of the htvc 

Sainfoin is a dover-like fodder plant often 
cultivated in this country, especially where chalk 
soils abound in the south of England With its 
deep, penetrating taproot and resistance to dry 
conditions it is a reliable nectar yielder but the 
flowering period is short 

Mustard and the weed charlock, Braisua arvensts, 
yield a similar type of honey noted for the speed 
with which it granulates Honey crops are often 
obtained from them in agricultural districts May 
or hawthorn ts very unreliable as a honey source 
and the reasons for this are not at present understood 
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The field bean, also called horse or tick bean, so 
extensively grown m many parts of the country, 
especially on heavy land, often yields good crops 
of honey but the flowering period again is short 
Plants with long flowering periods which undoubtedly 
contribute considerably to the total honey crop 
and which are widespread arc the wild blackberry or 
bramble, willowherb and dandelion 

Continental Europe — Much of what has been said 
regarding the major honey plants of the British 
Isles applies also to the countries of northern and 
central Europe, for the same plants occur or are 
cultivated there The same cloven, tree fruits and 
crop plants such as mustard and other Brassicas, 
sainfoin, trefoil, Lotus, and held beans are commonly 
cultivated 

Buckwheat, Fagopyrum , is extensively cultivated as a 
grain crop m some parts of Europe, notably Russia 
and hranct (Bnttanv), and is important as a honey 
plant It is essentially a crop fot light land Buck¬ 
wheat flowers do not always secrete nectar freely 
and are influenced by weather conditions to a 
marked degree Cool, moist conditions at flowering 
time are considered most favourable The honey 
from buckwheat is always dark and of a strong 
characteristic flavour, not usually appreciated by 
those unaccustomed to it or used to light mild 
flavoured honeys 

Th< sweet or Spanish chestnut tree, Castanca satwa , 
extensively grown in parts of Europe for the sake 
of the nuts u a useful honey soure t in some seasons, 
especially in Spain, Italy, southern Switzerland and 
other parts of central and south Europe False 
at at id, Robima psrudoacacia , one of the first North 
American trees to be introduced to Europe and a 
useful timber tree, is a source of surplus honey in 
many places in Europe where it occurs in sufficient 
abundance, eg in Italy, Czeehoslovakia and the 



Figure 2 False acacia Robima pseudoacacia, 
one of the first N American trees to be introduced 
into Europe , may be important for honey where it ts 
Jreely cultivated or naturalised 



Figure 1 Rosemary is an important nectar source 
in parts qf southern Europe and the mam source qf 
the esteemed Narbonne hrrtey qf France 


Danubian basin m Rumania In parts of Germany 
and Switzerland a honey derived from the honey 
di w of < oinfers (mainly larch, Lnn\ decidua , and spruce, 
Abies pectinate) and known as Tawuhonig is much in 
evidence m some reasons and may constitute half 
the local honey crop 

In southern Europe ind the Mediterranean region 
fairly pure honeys of somewhat unusual botanical 
origin an harvested Some of these arc from the 
flowers of fragrant herbs such as lavender, rosemary 
(Narbonne honey) and thyme and certain districts 
are famous for their specially flavoured honeys 

North America — I he United States and Canada 
arc both important honey producers and honey 
from these countries has been marketed extensively 
in the United Kingdom in the past In Canada many 
of the agricultural or field < rops and the fruit crops 
are the same as those of the British Isles and northern 
Europe Consequently several of thi main honey 
sources are the same Much Canadian honey is 
demed from (lovers, particularly white (lover, 
Tnfohum repens , and the honey is of the same good 
quality and fundamentally the same as the white 
clovtr honey produced m New Zt aland or the British 
Isles 1 he extensive orchards oi apples, chcmes and 
other deciduous fruits afford valuable early bee 
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pasturage as they do in other temperate countries 
Certain field and wa> aide weeds are also significant 
as minor honey sources Hie fire weed or willowherb, 
Eptlobtum angustfohum^ with its showy pink flowers, 
is one of the more interesting of these 

The botanical sources of honey in the United 
States Arc numerous as might will be understood 
from the sue of the country, its varied vegetation, 
agriculture, topography and climatic conditions 
The important honey plants of the southern States 
are entirely different from those of the northern 
States Over the greater part of the United States 
cultivated crops ot one land or another are the 
source of the mam honey crop As agriculture has 
changed in certain States so also has the bee pasturage 
and the degree of beekeeping activity Sweet 
clover, Mehlotus, is an important source Other 
major sources are white or Dutth clover, Trfohum 
repent, alsike clover, T hybndwru alfalfa or lucerne 
Medicago satwa, buckwheat and cotton In certain 
important honey producing areas the honey crop u 
derived from wild plants Good accounts of North 
American honey plants have been given by F C 
Fellfti 1 and others 

Australia and New Zealand — 1 he greater part of 
the honey produced in Australia, much of which is 
exported, especially to Great Britain, is derived from 
Eucalypts Eucalyptus trees are an important and 
characteristic feature of the vegetation of Australia 
The genus Eucalyptus is a very large one with some 
500 species Some aie little more than shrubs, 
while others are among the largest of forest trees 
I hev vary much in their nt ctar secreting properties, 
also in the quality of the honey they yield In ad¬ 
dition to the Lucalypts there are other indigenous 
trees and shrubs that afford good bee pasture in 
Australia and may be the source oi honey crops in 
some area* Among these an species ol Trutama 
‘ brush box Melaleuca Leptospermum tea trees \ 
CallnUmon ‘ bottle brush \ Angophora apples 
Backhousxa ‘myrtles* and Banksia 4 native honey¬ 
suckles ’ 

In New Zealand mu( h of the honey that is produced 
and exported u derived from the introduced cloven 
in the pastures particularly white clover, Trfbhum 
repens , the same clover that accounts for a large part 
of the honey produced in Europe (including Britain), 
Canada, the United States and other countries 
Some or the indigenous trees and shrubs of New 
Zealand are good nectar yieldcrs and of value to the 
beekeeper in aieas where they arc sufficiently 
prevalent Examples arc ‘ manuka * Ltptospemm 
scopanum, * rata * Metrosideros minute and M lucida 
and 4 pohutukawa 1 Metrosideros lomentosa 

Southern Africa — In common with many other 
progressive countucs the Union of South Africa and 


Southern Rhodesia now have a much keener interest 
in beekeeping than they did before 1939 Up to date 
methods and equipment are now commonplace 
The hives used arc of the American Langs troth 
pattern 

In spite of a very nch and varied indigenous flora 
m South Afnra the bulk of the honey produced 
for home use or sale on local markets is derived from 
cultivated plants or plantation crops of one sort <?r 
another The Eucalyptus plantations m all parts of 
the country, established for timber or fuel m both 
winter and summer rainfall areas, now afford 
much useful bee pasturage 

In Natal (summer rainfall area) Eucalyptus sahgna 
has proved a great favourite with beekeepers in 
spite of the fact that it is not considered m the front 
rank among Fucalypts for honey production in 
Australia It has proved a good nectar yielder in 
Natal with abundant pollen and a fairly long 
flowi ring season 

In the Western Gape Province (winter rainfall 
area) Eucalyptus tnmtnahs and E cladocalyx are the 
important honey yielden In this area honey may 
also be obtained from the multitude of wild heaths 
Frtca and hrathlike plants that occur 

A good deal of the South African honey crop is 
derived from citrus , mainly orange, in the citrus 
growing districts In the areas where natuial forest 
occurs in the Union, which arc restricted and 
mainly on the east side, a number of tree species 
may be worked for nectar Together they yield a 
dark strong honey commonly known as ‘ bush 
honey * The same applies in the indigenous forest 
areas of southern Rhodesia 

The Tropics — Although beekeeping with the 
ordinary hive bee Apis nulhjica is earned on in many 
parts of the tropics, cither in a pnmiUve native 
fashion as in most parts of tropical Afnca or on 
modem lines as in parts of the West Indies, honey 
crops do not, m general, equal those of temperate 
countries One might imagine tropical conditions 
would be ideal for honey production but tlus does 
not appear to be so Where there is no winter or 
dormant season the re may not be the same induce¬ 
ment for the hive bee to store honey as there is in 
colder climates 

Jamaica has long been an important supplier of 
honey to the markets of the United Kingdom 
Much of the honey from Jamaica is considered to be 
derived from logwood, Haematoxylm campeehtanum 

In Cuba honey production is also important and 
a good account of the nectar sources there has been 
given by G b Ononx 1 borne of these are 
indigenous plants that do not occur or are not 
important in other countries llie red and the 
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white * aguinaldo ' or brll flower (Ihomoea), common 
climbing plants like * morning glory ’ ( Convolvulus ) 
are considered to produce over one third of Cuba’s 
total honey crop, yielding a dchcious pearl-white 
honey Another decorative climlxr regarded as a 
first class nectar yielder is the coral creeper Anttgonm 
Upiopus 

In the Asiatic tropics apiculture has not been 
developed extensively or on modern lines Well 
known crop or economic plants of the eastern 
tropics known to be good sources of nectar include 
the coconut and other palms, cotton, coffee, sesamum, 
pigeon pea Cajanus , safflowt r Carthamus , mango, 
banana, tamarind, rose-apple Eugenia, the lime and 
other citrus fruits 

NEED FOR MORF KNOWLEDGE 

Although comprehensive accounts have been given 
of the honey-bee pasturage of some countries (notably 


the United States, Great Britain, parts of Europe 
and Australia, Cuba etc) little appears to be known 
or n corded regarding the floral sources of honey m 
many of the countries where beekeeping is came d on 

In many parts of Asia, including both Near and 
Far East, verv little seems to have been recorded 
on the plants of value to the hive bee The same 
applies to many tropical American countries and to 
tropical Africa, in spite of the lact that East Africa 
and Abyssinia are important commercial sources of 
beeswax It is to Ik hoped that these gaps in our 
knowledge of the world's honey sources or honey 
bee pasturage will, in time, be filled 

REFERENCES 

1 Howes, F N Plants and Beekefptng I nndon, 1945 
1 Manify, R O B Honey Farming London, 1946 
■ Pfu m, F C American Honey Plants New York, 1947 
4 ORimx, G S Plantas Mehleras de Cuba Rto 
Agncvlt (Habana) 27 ( 1944 ) 5 _I 59 


Cawthron Institute 

Sir I HEODORE RIGG, KBE, M A , D Sc 
Directot of the Cawthron Institute, Nelson, New Zealand 


I he Cawthron Institute owes its origin to the 
munificence of Thomas ( awthron, who left prac¬ 
tically the whole of his fortune for the establishment 
and conduct of a scientific institute and museum 

The original trustees, appointed under the will of 
Cawthron, decided, on the recommendation of a 
Scientific Advisory Committee, that the major 
activity of the Institute should be research in the 
interests of New Zealand agriculture with rcleirncr 
to problems of both farmers and orchardists 1 he 
proposals of the tiustees were approved by the 
Supreme Court and early in iqjo the nucleus staff 
under the Directorship of the late Sir Thomas 
Eastern if i d was appointed and work was commenced 

Three main departments of scientific research 
were established in 1920 and these were maintained 
with but little change until the close of 1941, when 
a biochemical department was formed to handle 
plant and animal nutritional problems more effect¬ 
ively The principal work of the four scientific 
departments is connected with 1 soil and general 
agricultural problems, 2 plant chemistry and mineral 
deficiency problems of stock, j insect problems of 
farm, orchard, Umber and the biological control of 
noxious weeds, 4 fungus disease problems of fruit, 
hops, tobacco, and market garden crops A technical 
museum, having special reference to the primary 


industries of Nelson and the natural history secUon 
of museum work, form* an integral part of the Insti- 
tutc and pi ovides suitable facilities for the presentation 
of the work of the rise arc h depai tments to the general 
public 

Since the inception of the Institute seven additional 
bequests and grants have been received In recent 
years the Minister of Scientific and Industrial Re¬ 
search has given financial assistance for soil, mint ral 
debt lent y, tobacco, ftuit and entomological mvesti- 
gations In several branches of research work the 
staff of the Institute collaborate with officers of the 
Department of Scientific and Industrial Research 
Entomological, tobacco and hop research at Nelson 
are conducted on a coopt rativc basis, both Cawthron 
and Government officers sharing in the research 
programme 

WORK OF THE INSTITUTE 

I he Nelson district in which the Cawthron Institute 
is located has a climate which favours horticulture, 
and it is m this branch of agriculture that marked 
development has taken place in recent years The 
whole of the tobacco and hop industries of New 
Zealand are located here in addiUon Nelson has 
a very important section of the apple industry to- 
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gether with considerable acreage* of small fruits, 
tomatoes and market garden crops 

Arable, dairy and sheep fanning are all represented 
in the agriculture of Nelson, and problems connected 
with these branches of agnculturc in addition to 
horticultural crops have been investigated by the 
Institute 

One of the interesting features of the district is 
its diverse geology In addition to several well 
defined sedimentary formations, ultra-basic rocks of 
serpentine, basic rocks of mclaphyre and acidic 
granites, outcrop in the district and exert a pro¬ 
nounced efftet on the properties of the different soils 
The study of the. soils of the Nelson district and their 
uses for diffucnt crops has given information ot gnat 
value not only to local agriculture but to other areas 
in New Zealand where similar soils occur Striking 
deficiencies oi lime, phosphate, and potash have been 
found in several soils, while minor eletm nt dt fi- 
cienc ics of cobalt, boron and magnesium have been 
identified on particular soils and studied intensively 

Although the work of the Cawthron Institute is 
not con fined to the Nelson district a gnat deal of its 
work is associated with the soils and special crops of 
Nebon The work of the entomologic al department 
at the (<awthron Institute, however, has a more 
general application in that the parasitic control of 
insect pests and the biological control of weeds, as 
a rule, apply in equal measure to agriculture through¬ 
out the whole of New Zealand 

In several aspects of soil, plant, and insect research 
the Cawthron Institute has gained special distinction 
lor the initiation and development of work of major 
importance to New Zealand agriculture This is 
parUcularly true in connection with the work carried 
out by the Institute ui soil surveys, trace element 
deficiency, the parasitic control ol insect pests, and 
the biological control of noxious weeds 

son SURVEYS 

One of the important investigations commenced in 
the inaugural year of the Cawthron Institute was a 
reconnaissance sod survey of Waimta County, 
Nelson Ihis constituted the first systematic soil 
survey conducted in New Zealand which gave due 
recognition to the important part played by both 
geological origin and texture in soil properties 
Although modern methods of sod classification have 
necessarily entailed a revision of the soil groups 
identified in these early surveys, the units set out on 
the sod maps have required little alterauon and have 
proved invaluable in the conduct of invesUgalions 
relating to animal health, plant nutrition and the 
manuring of crops 

Among the sods oi the Waimea County which have 


proved of special interest to Nelson, and indeed to 
the whole of New Zealand, may be mentioned 
Moutere loams and Kaitentcn loams The Moutere 
sods have furnished spec tacular deficiencies of lime, 
phosphate, nitrogen, potash, boron and magnesium, 
several of which have seriously limited both yield 
and quality of crops, particulaily of apples grown on 
these sods The Kaitentcn group, derived from 
granite, has marked delicienc les of cobalt, boron, and 
magnesium In no part of New Zealand are the 
characteristic properties of the sods so divergent and 
the value of sod surve ys in the development of agri¬ 
culture so t learly apparent 

The success achieved by the Institute in sod survey 
work in Nebon led to the establishment of a Sod 
Survey Division by the Department of Scientific and 
Industrial Research and the initiation of a recon¬ 
naissance survey of the volcanic ash soils of the 
central North Island territory of New Zealand The 
Cawthron Institute was intimately associated with 
this and other surveys which were carried out in 
Taranaki, the Waikato, Noith Auckland, Hawke’s 
Bay, and other parts of New 7 caland I he recon¬ 
naissance survey of the volcanic ash sods proved of 
very great value as some of the soils were associated 
with stock ailment When, as a result ot other in¬ 
vestigations, the cause of * bush sickness * was ldi n- 
tificd as cobalt deficiency, the survey of the volcanic 
ash fcoib made possible the immediate application of 
this discovi ry to practically the whole of the affected 
country in the Noith Island 

In more recent years soil survey work at the 
Institute has been concentrated on the detailed 
mapping of the alluvial sods of Nelson for the ex¬ 
pansion of the flue c ured tobaci o industry Quality 
in flue cured tobacco 11 dependent on the selection of 
light textured soib and the judicious use of fertilizers 
whereby a satisfactory >ield is obtained without 
lowering the quality of the cured leaf Some 50,000 
acres (20,250 hectares) of the alluvial sods of the 
Waimea County have been carefully examined and 
soil maps on a scale of 4 in to 1 mile (6 4 mm to 1 km) 
prepaud Prom these detailed maps the sods have 
been grouped into six categories, four ol which are 
regarded as good to satisfactory for use in the culture 
of flue cured tobacco As a result of this and parallel 
work by the Cawthron Institute and the Department 
of Scientific and Industrial Research, the flue cured 
tobacco industry in Nelson has shown striking 
development during the past ten years The acreage 
under tobacco has been more than doubled while 
the yield per acre has Likewise been increased at 
least a hundred per cent without detriment to the 
quality of the tobacco 

Another aspect of the sod work oi great importance 
to agnculturc in Waimea County is that connected 
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with land utilization and soil conservation Maps 
have been prepared showing the present use of the 
land and areas of poor hill country which should be 
retired from agriculture with a view to the better 
control of rivers and the prevention of soil erosion 
and flooding of the valuable alluvial soils of the 
County 

TRACE ELEMENT INVESTIGATIONS 

The Cawthron Institute has played an important 
part in the idcnUfication of trace element deficiency 
affecting both animals and plants in different parts 
of New Zealand The investigations of the Institute 
have comprised studies of cobalt deficiency in the 
granite soils of Nelson Province and the loess soils 
of Southland, boron deficiency on two soil Lyp<s 
in the Nelson district and on several soils in Central 
Otago, and magnesium deficiency of apples and 
tobacco on the granite and Moutcre Hills soils of 
Nelson 

Cobalt deficiency — Studies of * bush sickness 1 in 
sheep on the granite soils of Glenhope were com¬ 
menced in 1928, and of lamb ailment m Southland 
in 1934 Evidence was slowly accumulated which 
ruled out a theory of iron deficiency as the cause of 
these stock ailments and suggested another clement 
contain'd in certain iron ores and soil ‘ lu ks * which 
had proved beneficial in the treatment of stock 
ailment 

Aided by the announcement from Australia that 
cobalt was an element of nutritional importance to 
stock, chemists at the Cawthron Institute quickly 
showed that cobalt osercarae stock ailments at 
Glenhope and Southland, and that there was an 
actual deficiency of cobalt in the soils, pastures and 
organs of affected animals The work earned out 
by the Cawthron Institute on cobalt ‘ licks 1 and the 
use of cobaltizcd fertilizers has had a wide applica¬ 
tion not only in New 7 ealand but in other countries 
where cobalt defluency has been identified 

As a result of the investigations carried out by the 
Department of Agriculture m thr North Island and 
by the Cawthron Institute in the South Island, it 
can be said that cobalt deficiency in New Zealand 
has been overcome , the production of fat lambs 
and successful dairying has become possible over 
hundreds of thousands of ai res whirh were formerly 
seriously affected by stork ailment or under suspicion 

Boron deficiency — Similar work has been earned 
out by the Institute in regard to the incidence of 
boron deficiency in apples, apricots, plums and grapes 
on certain fruit soils m Nelson and Central Otago 
Surveys of the boron content of soils and fruit have 
been earned out in all fruit growing distnets of 
New Zealand and methods for .overcoming a 

u 


deficiency have been studied The investigations 
have shown that boron deficiency in fruit trees can 
be controlled by the use of } lb (02 kg) of borax 
per tree or by the use of borax sprays at o 1 per cent 
strength One of the interesting features of the 
experiments on apples was the adverse effect on 
keeping quality when borax was used in excessive 
amount 

Another aspect of boron deficiency investigated by 
the Institute on the soils of the Waimea County is 
boron deficiency of tobacco brought about by the 
use of lime in too large applications on the sandy 
soils associated with the culture of this crop The 
arrest of the growing point and the pronounced 
dwarfing of the tobacco plants are characteristic 
features of boron deficiency resulting from the in¬ 
judicious use of lime on these soils 

Still another case of boron deficiency has recently 
been identified on Nelson soils Raspberries which 
are grown extensively on soils derived from granite 
and from the * Mouteie gravels ’ have been affected 
in certain seasons with marked 'die back 1 of the 
canes This trouble, which formerly was considered 
to result from root diseases, has now been shown to be 
caused by a deficiency of boron The soils contain 
less than 02^ ppm soluble boron and the leaves of 
affteted raspberry bushes contain greatly reduced 
amounts of the ckment lhc cffict of boron de¬ 
ficiency on raspberry canes is the arrest and early 
death of all thr fruiting spurs on the canes Borax 
applications at the rate of 40 lb/acre (22 kg/ha) have 
given a satisfactory control of' die back * caused by 
boron deficiency 

Magnesium deficiency — Studies of fruit trees in the 
Nelson district have shown the presence ol magne¬ 
sium deficiency on the Moutrre Hills type of sod 
Premature defoliation of trees had been noticed in 
certain apple manunal experiments of the Institute 
Injection of different elements into the limbs of 
affected trets showed that magnesium salts were 
highly beneficial in controlling defoliation Analyses 
of the leaves of affected trees showed a high deficiency 
of magnesium The identification of magnesium 
deficiency in apples under commercial conditions of 
culture was of considerable interest The Nelson 
work paralleled similar investigations carried out by 
Long Ashton workers in England and suggested the 
possibility of a fairly common occurrence ol mag¬ 
nesium deficiency in horticultural crops on soils 
naturally low in bases, particularly where excessive 
amounts of potassic manures have been used An 
interest mg feature of the Nelson experiments on the 
control of magnesium deficiency in apple trees has 
been the success achieved with ground dolomite m 
restoring affected trees This magnesium compound 
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used at the rate of 12 lb (>> 4 kg) per tree has given 
more permanent benefit than the use of the corre¬ 
sponding quantity of magnesium sulphate 

%wc deficiency — Still another trace element defi¬ 
ciency on the Moutere type of soil is being investi¬ 
gated at the present time Thu u a suspected case of 
zinc dc ficiency in fruit trees in the Tasman locality 
While the (fleet of zinc sprays and the zinc content 
of leaves from a fleeted trees support a theory of zinc 
deficiency as the cause of 1 die back ' m chemes, no 
evidence has been obtained so far that apple trees 
on this soil type are affected by a deficiency of this 
dement 

PARASITIC CONTROL OF INSECT PFSIS 
Orchardu»t3 in New Zealand will always remember 
the spectacular success achu ved by the C awthron 
Institute through the introduction of Aphdmus mall 
parasite for the control of woolly aphis which, for 
many years prior to the introduction of the parasite, 
had been one of the serious pests of New Zealand 
apple orrhards 

The parasite, obtained through Dr Howard, 
USA, established freely in New Zealand and very 
quickly brought about a great rcduttion in woolly 
aphis, thereby saving many thousands of pounds in 
the cost of oil sprays 

Similar work has been carried out by the Institute 
in the introduction of the parasite HabroUpxs dalmam 
for the control of goldi n oak scale * Liberations of 
the parasite we re made at Nelson, C hristchurch and 
New Plymouth The parasite was an outstanding 
success and gave an effective control of ‘ golden oak 
scale 1 

A more recent introduction by the tntomologuts 
at the Institute has been that of Rhyssa persuasona , for 
the control of the homtail borer which attacks pine 
plantations The parasite has been liberated at 
several centres in the South Island of New Zealand 
and has multiplied rapidly There is every indication 
that the parasite will prove valuable in the control 
of the hointail borer 

BIOLOGICAL CONTROL Ofr NOXIOUS WttDS 

Although several insectsJfefcve been introduced with 
a view to the control of noxious weeds in New Zealand, 
success has been somewhat limited The Cinnabar 
moth and the ragwort seed fly were both introduced 
for the control of ragwort but so far have not been 
successful under field conditions in the control of 
this weed 

The Chilean saw fly was likewise introduced in 
an attempt to control pinpun, but although quite 
effective under laboratory conditions this insect 10 


far has not been successful under field conditions 

The gone seed weevil. A/non tilieu , however, hat 
established freely at all points where liberations have 
been made Examinations of gorst pods show that 
the weevil is exerting a marked effect on gone seed 
production and should eventually be an important 
factor in controlling the spread of the plant 

The recent introduction of the European beetle 
Chtysohna hypertet, obtained through the good offices 
of C SIR, Australia, for the control of St John's 
wort, has prove d an outstanding sucre ss and where 
liberated in the Awatere Valley, Marlborough and 
in Central Otago has cleared hundreds of acres of 
St John's wort infested country 

The establishment ol the Entomology Division of 
the Department of Scientific and Industrial Rescaich 
at the Cawthron Institute under the direction of Dr 
D Miller, Chief Entomologist to the Institute, has 
greatly strengthened entomological research at the 
Institute The work earned out by the Government 
entomologists on the parasitic control of the white 
butterfly and the diamond back moth has b< < n very 
successful and has resulted in immense savings to 
farmers throughout New Zealand 

PLANT PATHOLOGY 

Ihe horticultural crops of N< Ison provide great scope 
for C awthron mycologists Their service s have been 
in constant dc mand by orchardists, tohac to growers 
and market gardeners for the identification of 
diseases and for advice concerning their control 

Outstanding work lias been carried out by myco¬ 
logists in the study of ‘ black spot' of apples, * brown 
rot • of stone fruit, diseases of small fruits and 
tomatoes In recent years \ery detailed studies have 
been made of tobacco mosaic and the factors which 
operate in Us dissemination m the tobacco gardens 
The importance of the seedling bed stage in mosaic 
transmission has been established and the necessity 
for the greatest care in handling plants to avoid in¬ 
fection has been stressed Several tobacco diseases, 
new to the Nelson district, have been identified by 
the mycologists Among these may be mentioned 
4 angular leaf spot 4 verticillium wilt' and 4 black 
root rot' 

A senes of investigations have been earned out in 
c ooperation with officers of the Department of 
Scientific and Industrial Research, in regard to the 
control of both 4 black root rot ’ and 4 verticillium 
wilt ’ The importance of steam sterilization or 
disinfection of the seedling beds with chloropicrin in 
the control of 1 black root rot 1 has been clearly shown 
in the expenmenti Similar work in regard to the 
control of 4 verticillium wilt' has shown the value 
of chJoropicnn treatment! but the cost of the chemical 
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at present rules out the possibility of its use under 
held conditions of culture 

More re ctntly investigations have been commenced 
concerning the identification and control of certain 
root diseases of hops It has been found that the most 
serious root disease is 1 black root rot M Phytophthora sp 
but canker (6 tbberella sp, Fusanum sp) is also present 
The early idenuheauon of diseases and the application 
of suitable control measures have been of great im¬ 
portance in the successful development of horti¬ 
culture in the Nilson district 

In this brief review of the work of the Institute it 
has been possible to dew nbc only the more important 


activities of the InsUtute During the thirty yean of 
work at Nelson a great variety of work has been 
sufussfully handled and no less than 500 scientific 
papers have been published by members of the staff 

Ihe success of the Institute has not depended 
solely on the research earned out at Nelson Of 
almost equal importance has been the great influence, 
particularly in the early years of its work, on farmen 
and citizens throughout New Zealand The success 
of the Institute stimulated agricultural research in 
governmental and farming circles and assisted greatly 
in a correct appri nation of research by the general 
public of New Zealand 


Miscellaneous Notes 


ROYAL SOCll- IV I EClUREb I95O 

Thj CYooman Lecture will be delivered on 15 June 
by Prokssor T M Burnet, r r s , Director of the 
Walter and Lliza Hall Institute, Mclboui ne, 
Austialia 

1 he Rakruan Lecture will be delivered on 4 May 
by Professor P W Bridgman, for mem r s , Lyman 
Laboiatory of Physics, Harvard University 

Fhe Knicr Leilurc will be dchveied on 2 t) June 
by Professoi J Z \ ounc i ks, Profi ssor of \natomy. 
University College, I ondon 

lhc Wilkins Lecture will be delivered on 14 
December by Professoi F J Coi e, 1 r s , hmeritus 
Professor of Zoology University of Reading 

The first Leeuwenhoeck Lecture will be delivered 
on t) November by Sir Paul Fildfs, f r s 

UNIVERSITY APPOINTMENTS 

Alexandria , Farouk I University — Profi ssor D 1 hoday 
has betn appointed Professor of Plant Physiology 

Battersea Polytechnic — The new Head of the Depart¬ 
ment of Chemistry is L W Derry who succeeds 
DrW A Naish 

Belfast, Qjtetn's Umxersity —Dr R A R Grfsson has 
been appointed Professor of Zoology 

Cardiff — Dr J G C Anderson u the new occupant 
of the Chair oi Geology 

Durham , King's College , Newcastle — Dr A A Harpfr 
has been appointed as the new Professor of 
Physiology 

Leeds — Dr H C Versey has been appointed Reader 
in Applied Geology 


Manchester — Professor P Vf S Bi A( kett, f R s , has 
been appointed t Pro-Vict-Chancillor 

M ] Lighthil t has been promoted to be 
Reader in Mathematics 

North Staffordshire University College - Among the first 
appointments arc the following as full time Professors 
I N Snfddon (Mathematics) , Dr H D Sprinc all 
(Chemistry) , S H Beaver (Geography) , B R 
Wilizams (Economics) , Dr V A Vick (Physics) , 
Dr A R Gemml i i (Biology) 

Otago New Zealand — Prok ssor N h Odfi i has bc< n 
appointed Professor of Geology 

RESEARCH APPOINTMENTS 

British Iron and Steel Research Association —DrJ 
Pearson has been appointed Head of the Chemistry 
Department in succession to Dr F D Richardson 
He has been Head of the C hemistry Section of the 
B I S R A Laboratories at Skctty Hall, Swansea 
British Railways — E Morgan has been appointed 
Senior Research Engineer, T ondon Midland Region, 
as from 1 February 1950 He first joined the Re¬ 
search Department at Euston 111 1933 

Wool Industries Research dissociation — The Council 
has selected Dr A B D Cassis to fill the vacant 
position of Director of Research as from 1 January 
1950 Dr Classic has for some years been Head of 
the Physics Department and during the last two ydiri 
has been Deputy Director of Research 

1 

AWARDS 

Institution of Electrical Engineers — The Faraday Medal 
has ba n awarded to Sir James Chadwick, r r s, lor 
his contributions to science generally, and in par¬ 
ticular for his distinguished work in nuclear physics 
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Institute qf Fuel —The Melchett Medal for 1950 
has been awarded to Professor R J Sarjant, 
Professor of Fuel Technology, University of Sheffield 

RESEARCH ASSOCIATIONS 
British Non-ferrous Metals Research Association — The 
following elections are announced 

Chairman of Cousted Lieut-Col the Hon R M 
Preston, d s o 

Vice-Chairman and Hon Treasurer F 0 Braby, 

m c 

Chatman qf Research Board Dr M Cook 
British Shipbuilding Research Association — I he hull of 
the Clyde paddle steamer ‘ Lucy Ashton 9 has been 
purchased Investigations of technical problems by 
means of model experiments will be followed up by 
full scale tests Possible experiments include the 
determination of the resistance of the hull over a 
range of speeds 

BRITISH COUNCIL 

Sir Henry Dale, f r s , has been ele< ted President 
of the British Council in succession to Lord River- 
dalb who has resigned 

coloniai research sfrvicf 
This service has been formed retrospectively to 


gather the scattered research workers of the Bntish 
Colonial Empire Mobility of research personnel will 
be the kevnote Service is pensionable, on the same 
basic salary scales as for the United Kingdom 
Scientific Civil Service, except for the medical and 
veterinary research officers who will enjoy substan- 
ually increased remuneration Full details arc 
obtainable from the Colonial Office, Sanctuary 
Buildings, Great Smith Street, S W 1 

coming evfntb 

Convention of Electric Railway Traction, London, 
20 23 March 

Conference on Theory qf Photographic Processes, Bristol, 
28-31 March 

Pourth National Plastics Exposition, Chicago, 28-31 
March 

Taraday Society Biophysics and Colloids Committee 
Fhsctttsion on Physicochemical Properties and Behaviour qf 
Nucleic Acids , London, 12 May 

C ORRECTION 

In the February issue of Research , p 66, Formula A IV 
should contain a double bond in the side chain, as 
will be seen from valency considerations Ihere 
should be no double bond in Formula XV 


New Books 


Advanced Treatise on Physical Chemistry, I 
Fundamental Principles , Properties of Gases 

J » PARTINOTON 

(*M 943 PP. dins, sd in by 6 in) 

London Longmans, Green and Go Ltd, 1949 8oj net 
The task involved in writing a comprehensive text¬ 
book of physical chemistry has increased enormously 
since Ostwald and Nernst wrote their classical 
treatises of general and theoretical chemistry There 
have not been lacking those who have faced single 
handed the ever increasing burden, among whom 
W G M Lewis and K Jellinek (1928) may be 
mentioned, and of whom Professor Partington is the 
latest exemplar The cooperative writing of senior 
textbooks has been in favour in recent years, and by 
this procedure the reader is brought up to the limits 
of growing science more effectively than by the 
perusal of a book written by a single individual 
There is, however, usually a lack of evenness of 
presentation and uniformity of nomenclature in 
cooperative textbooks which reduces their value as 
Works of reference 


Professor Partington has outlined his plans and 
objectives in a very provocative preface, which itself 
makes interesting reading He states that his object 
has been to present a proper balance between theory 
and experiment, and he is critical of books which 
only refer to work which is in line with present day 
theories He has a special affection for the errant 
fact that refuses to be dragooned into an ordered 
array He is endeavouring * to give information to 
those who are in srarchof it, and not to train students * 
He has in mind three or four volumes, of which only 
the first volume is in print The first five sections of 
the present volume relate to fundamental principles 
Thus, there is a comprehensive mathematical intro¬ 
duction beginning with the elements of the calculus 
and ending with differential equations, and there are 
sections on thermodynamics, kinetic theory of gases, 
statistical mechanics, quantum theory and wave 
mechanics Temperature and the properties of gases 
are dealt with in the last two sections, m which 
great emphasis is laid on experimental technique 

With only one volume in print it is not easy to 
discern the author's plan for the whole of the treatise 
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It Is inferred from the way he has grouped the 
fundamental sections at the beginning of the first 
volume that he plans to present the more coherent 
parti of physicochemical theory in broad masses, 
and then to proceed to link experiment with theory 
id the more apphed sections Thu has the dis¬ 
advantage that the theoretical lections have been so 
divorced from experiment that the theory in places 
appears to be unneceaanly arbitrary Thus, wave 
mechanics u developed without reference to spectra, 
and thermodynamics elaborated with the minimum 
discussion of experiments It has also led—although 
this is not inherent in his plan—to the somewhat 
haphazard introduction of principles not relevant to 
the mam theoretical topics into the apphed sections 
In this way magnetic susceptibility makes its 
appearance in the low temperature section In ad¬ 
dition it has led to duplication the flow of gases 
through narrow tubes u dealt with both under 
* kinetic theory ’ and under 1 properties of gases' 
Blemishes of this character are perhaps unavoidable 
in any plan which attempts to classify such a large 
mass of interrelated material 

The author’s task has been lightened by the fact 
that he has previously written textbooks on thermo¬ 
dynamics and statistical mechanics, mathematics for 
chemists, and the history of science, which material 
he has been able to incorporate into the book One 
of the good features of the book u to be found m the 
interesting historical introductions, which lead 
naturally into the main body of doctrine The 
historical approach lends a good deal of interest to 
the book 

In a textbook of this magnitude there are bound 
to be many points which the experts would have 
elaborated with greater perfection The mathematics 
section will undoubtedly prove very useful to those 
who wish to find in one source all the mathematics 
they need The more difficult sections are, however, 
not always sufficiently developed to be easily com¬ 
prehended by the type of reader that the author has 
in mind. This m the main 11 due to the necessity 
for fhller explanation, notably m the treatment of 
Fourier's integral, pm, and the wave equation, 
p 101. Hu treatment of the Gibbs-Duhem equation 
on p 173 is not sufficiently dear, and there is an 
error in equation 8 In die treatment of thermo¬ 
dynamics there are dements of illogicality, especially 
the treatment in section 33 of F * U — TS Whilst 
there u a full dncuuon of viscosity, it u not easy to 
find valua of mean free paths and collision diameters. 
The data on these properties given on pp 859 and 
857 are not referred to m the index These points 
of criticism, however, relate to quite small sections 
of the material of the book, which Is otherwise very 
vahuble as a wqrk ft reference. 


The author claims that his book wdl be of value 
to laboratory workers and to chemists and engineers 
engaged in large scale operations In the reviewer’s 
opinion he has succeeded in this aim, and has pro¬ 
vided a very readable book which at the same time 
u a mine of experimental data It does provide a 
first book of reference to the practical man, both on 
the mathematics and theory of physical chemistry 
and on experimental methods If there are any 
obscurities-—and there are a number—further 
reference to more specialized textbooks and dic¬ 
tionaries will help to fill the gaps There are exten¬ 
sive summaries of literature abbreviations, symbols, 
and fundamental physical constants, and the 
nomenclature is consistent throughout the book 
The book u printed on good paper and well 
illustrate^ 

W E Garner 

Photoelectricity and its Application 

v x zworykin and e o rambe&o 

(xit+494 pp, 387 dins, 9 m by 6 m) 

New York John Wiley and Sons. Inc, 1949 $7 30 

London » Chapman and Hall Ltd, 1949 451 net 

The authors itatc clearly in their introduction that 
the book stresses applications of photoelectricity and 
they relegate all mathematical treatment to footnotes 
The text n intended for students and engineers, 
although probably few of the former will care to 
purchase it and indeed would probably benefit much 
lea from it than the latter, who should find much 
stimulating matter m it Despite a personal pr ef er ence 
for more fundamental treatment on the lines of the 
excellent short summary of electron lenses in Chapter 9 
relating to image tubes, and for le» on miscellaneous 
applications such as the Type Z Helmet Bi nocular 
(p 417), the bbok must be judged as a manual of 
applied photoelectricity 

Being acknowledged leaders in this field, the 
authors have clearly and successfully attempted a 
comprehensive review covering as many applications 
of photoelectric devices as possible Out of 00 chapters, 
the first three deal with fundamentals, the next three 
with techniques (preparation of photoelectric sur¬ 
faces, vacuum technique, seals *te) and the following 
five with the properties of photoelectric devices such 
as vacuum, gas-filled and multiplier phototube^ 
image tubes, and photoconductive and photovoltaic 
cells The remaining nine chapters, with the exception 
of chapters on circuits and the measurement of 
small photocurrents, deal with applications including 
as examples sound reproduction tefevnton, picture 
tnuutouoion and light beam signalling Attractive 
features of the book are the generous bibliographies 
at the ehd of each chapter. 
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The illustrations are lavish, and the printing and 
binding of the highest quality 

J D Craoos 

Le Calcul Mdcanique 

a TATON 

(itfpp, 4stl(us, yui by rfw) 

Pans Prcnes Umverutairei de France. 1949 c Fr Ijoo 

London H K Lewis and Go Ltd, 1949 f 4 s 6d 

This little volume contains a wealth of information 
on the history and development of calculating 
machines The subject is treated roughly chrono¬ 
logically and, after a few introductory remarks on 
such early aids to calculation as the abacus, the 
author works steadily from the font machines of 
Pascal and Ljubniz to some of the latest electronic 
calculators 

The author is concerned both with the develop¬ 
ment of the various mechanisms used in calculating 
m«rhin« and with the uses to which the machines 
can be put The engineering aspect is discuaKd with 
the aid of a plentiful supply of sketches and associated 
descriptions which are quite detailed The uses of 
the machines can of necessity be dealt with only in 
very general terms and the author rightly concen¬ 
trates on how the machines carry out the various 
elementary operations into which most problems can 
be broken down 

The absence of any reference to many of the most 
popular modem machines may surprise the reader 
but is explained by the author's historical approach , 
he 11 concerned usually with describing the first 
machine to embody a new feature rather than im¬ 
proved models displaying no fundamentally new 
features More senous is the omusion from the 
chapter on scientific work of any reference to the 
use in this field of the machines (desk, accounting or 
punched card) already described in earlier chapters 
The paragraph on p 116 touching on the use of finite 
differences is also extremely misleading 

When so much is packed into such small compass 
it seems ungracious to complain jif omuuons, how¬ 
ever, and the author is to be conglgltulated on writing 
a book which even the" poorest linguist can find so 
readable 

E T Goodwin 

The Physics of Rubber Elasticity 

Lao TRXLOAR 

(cm +*5$PPl dim by 5|ui) 

London Oxford University Pres, 1949 air net 

This monograph gives a survey on rubber elasticity, 
including a description of the main experimental 
facts and a dear presentation of the theoretical 


considerations in a mathematical, though not too 
mathematical, language 

The introduction contains a short presentation of 
the chemical characteristics of rubber-like substances 
and a description of their main physical, in particular 
thermodynamic, properties Simultaneously with 
the enumeration and description of them prop er ti es, 
kinetic and statistical considerations are introduced 
A presentation of the quantitative statistical theory 
of rubber elasticity, its criticism and refinements are 
contained in subsequent sections They form the 
mam part of the book, the presentation of experi¬ 
mental facts alternating continuously with theoretical 
explanations and considerations The main subjects 
treated are the stress/strain relationships in the region 
of small, as well as very large, strains , the relation¬ 
ships between stress-birefringence and mechanical 
prop er ties, crystallization, and the relaxation and 
flow phenomena 

It is worth mentioning that the author took great 
care to give a correct historical account of expert- 
mental and theoretical developments A small point 
to add would be that it was E WOhluch in 1906 
who gave the first definite statement that the retract¬ 
ive force in extended rubber it a kinetic phenomenon , 
an idea which was later taken over by the other 
authors mentioned m the monograph 

It is fortunate that the present book is written fay 
an author who himself has taken an active part both 
in the theoretical and experimental development of 
this field and 11 therefore familiar with both aspects , 
an cnential condition for a successful treatment of 
the subject The monograph can be warmly recom¬ 
mended both to beginners and to advanced workers 
on rubber and rubber-like substances* 

W Kuhn 

Leitfohigkeit und Leitungsmechamsmus 
fester Stoffc 
a jum 

(xu+348pp 3 aaotUus, by ffui) 

Gdttmgen Vtad enh occk undRuprecht, 1940 DM 17 50 
London H K Lewis and Go Ltd, 301 fW 
This book represents an expanded version of a senes 
of lectures given by the author to an audience of 
electrical engineers The table of contents includes 
three chapters on the conduction of electricity in 
metals, and farther chapters on thermoelectricity, 
electrical contacts and crystal rectifiers, semi¬ 
conductors, superconductivity, photoconductivity and 
ionic conduction 

The book performs a usefal function in collecting 
together a large amount of experimental material 
and m providing a bibliography which appears to be 
fairly comprehensive and up to date Unfortunately, 
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however, the author, who seems to have pursued a 
variety of coo dieting aims, has interspersed the text 
with elaborate descriptions of demonstratum experi¬ 
ments and with an uncritical recital of theories, 
many of which pooess historical interest at best, 
combined with attempts at elementary explanations 
of intricate topics such as the quantum mechanical 
theory of the resistance mechanism in metals The 
remit is somewhat confusing, and it is not clear 
whether the intention has been to give a general 
survey of the subject suitable for the non-specialist, 
or to describe the present position in detail to the 
e xper t and to indicate where further research is 
most needed. The first of these timi has certainty 
not been realized since the book is too heavily 
loaded with detail and the theoretical ideas are too 
little coordinated to enable a dear picture of the 
fundamental concepts to emerge The book cannot, 
therefore, be recommended to the general reader, 
but, if it is read with caution and if parts of it are 
disregarded, its account of recent experimental work 
will be of considerable interest to those actually 
working on aspects of the subject Much of the work 
described was done in Germany during the war and 
is not yet generally known in this country 

It must be added that the book u poorly produced 
and abounds with minor errors and misprints, but 
this may perhaps be blamed on present production 
difficulties in Germany 

E H Sondheimer 


Atmospheric Turbulence 

o o BUTTON 

0 vm+ioypp , 4tUus, 6\i* by fim) 

London Methuen and Go Ltd, 1949 6s net 

Oscillations of the Earth’s Atmdsphere 

M V WILKES 

{tx+rfpp, 9 tabUs, by 5J w) 

Cambridge University Frea, 1949 12s 64 net 

These two little books, the first textbooks available 
in this country on their respective subjects, make a 
welcome addition to the library of the meteorologist 
or the mathematical phyucist interested in meteoro¬ 
logical subjects They bring together in proper 
sequence and ordered form the results of a wide but 
highly specialized range of cesearches, hitherto 
scattered, about the proceedings and journals of the 
scientific societies 

The first book opens with an account of viscosity 
and turbulence on the laboratory scale, and passes 
on to a chapter on the meteorology of the lower 
atmosphere, questions of lapse rate, profiles of wind, 
temperature and humidity near the ground and so 
otf. **This chapter indicates at once the limitations 

# t 


which the author has been obliged to impose cm the 
treatment of his subject in order to compress the 
book to a total of just over 100 pages The book is, 
in fact, essentially the mathematical phyucs of 
turbulence and diffusion in air in the region for 
which adequate data exist, namely within a few 
hundred feet of the ground Later chapters deal with 
mixing length, statistical theories of turbulence and 
diffusion in the atmosphere, aspects which have 
important applications in the military and industrial 
spheres and m public health 

The second book is mainly mathematical The 
writer gives a clear account of the lunar and solar 
air tides The existence of the lunar tide and its 
main features have been established m major re¬ 
searches by Chapman and the cause has been 
satisfactorily proved 

The principal features of the behaviour over the 
globe of the solar semi-diurnal variation, as calculated 
by Simpson and others, are outlined The 4 resonance 
theory originally put forward by Kelvin, has been 
treated successively by a number of brilliant mathe¬ 
maticians with the idea that it must somehow be the 
answer Lamb showed how accurate the adjustment 
in period needed to be to give the magnification 
required Unfortunately the increasing body of 
knowledge about the many wayi in which the 
atmosphere can arrange its flow from day to day 
and the great seasonal differences in the distribution 
of temperature in the upper air over the globe makes 
it hard for the meteorologist to accept any idea of 
fine and continuous adjustment Difficulties about 
other kinds of phenomena, such ms the diurnal 
variations of turbulence and atmospheric electric 
potential gradient, which seem to be m some way 
interconnected with those of pretfure, are not dealt 
with in this book and would, indeed, need a volume 
to themselves It is true that some of Whipple's 
objections to the resonance theory are mentioned 
but they are brushed aside in a few lines That, 
however, need not detract from the value of the 
book as an account of the mathematical theory 

A H R Goldie 
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Preparation of Levulinic Acid 

Use of Sodium Levulmate 

L F WIGGINS, DSc, PhD, FRIC 

The literature on the preparation of levulinic acid ts reviewed The mechamsm of the formation 
of this substance from carbohydrates is discussed and observations on the preparation of levulinic 
acid from sucrose recorded It is shown that levuhmc acid is best prepared from sucrose when 
very dilute solutions are heated with hydrobromtc acid Yields almost as high are obtained^ 
however , when sucrose is heated with hydrochloric acid containing a small amount of bromide ion 
It is shown that crude cane juice can be used just as efficiently as pure sucrose in the preparation 
of levuhmc acid A method whereby both levuhmc acid and hydroxymethyl furfural are obtained 
from the same sample of sucrose ts described The use of sodium levulmate as an antifreeze 

agent is discussed 


Because CH, CO CH, GH t COOH, levulinic 
acid, can be obtained from sucrose with reasonable 
case its preparation and chemical properties are in¬ 
timately bound up with the problem of the greater 
c hemical utilization of sucrose A superficial exami¬ 
nation of the molecular structure and properties of 
levulinic acid shows clearly that it is capable of a 
wide diversity of chemical reactions, producing many 
products of potential commercial value It has already 
been shown to give rue to a wide variety of organic 
compounds, but it is for the future to decide whether 
these compounds can be turned into products as 
industrially important as for example those from 
benzene or from the products of the petroleum 
industry The preparation of levulinic acid is there¬ 
fore of prime interest and it is the object of this paper 
to discuss the problem of obtaining it from carbo¬ 
hydrates, and particularly from sucrose 

Levulinic acid is an acid degradation product of 
all hrxoses, of sucrose and other disacchandes, of 
polysaccharides containing hexoses, of glucosamine 
and a-deoxypentenes Although sugars are the main 
sources of levulinic acid it can also be obtained from 
non-carbohydrates Both furfuryl alcohol 1 and 5- 
hydraxymethyl furfural 1 give levulinic acid on being 
treated with very dilute mineral acids It is also well 
known that levuhmc acid can be obtained from 
rubber, through ozonolysis and subsequent oxida¬ 
tion" Simple terpenes, for example geraniol 4 and 
the carotenoids lycopene" and bum", can be oxidized 
to give levulinic acid In addition the acid can be 
prepared by purely synthetic methods Braun and 
Steghele 7 obtained it by oxidation of ally! acetone 


and Txsuann and Semmlbr 4 by oxidation of 2- 
methylhept-a-en-6-one Ethyl levulmate is formed 
when diethyl acetosuccmate is wanned with dilute 
hydrochloric acid 9 and levulinic acid when the 
acetylsuccinate is hydrolysed with alkali 9 It is also 
formed when ethyl diacetyl propionate 11 treated 
with alcoholic sodium methaxide 1 * 

The formation of levulinic acid from carbohydrates 
has long been known As early as 1840 Mulder 11 
obtained levulinic acid by the action of mineral 
acids on sugars Many workers during the late 
nineteenth century studied its formation from all 
types of carbohydrates and showed that aldose sugars 
for example glucose 19 , mannose 1 ", galactose 11 » 14 and 
ketose sugars, for example fructose 19 and sorbose 11 , 
gave levulinic acid on heating with mineral acids 
The ketoses gave rise to levulinic acid at a faster 
rate than the aldoses Amongst the disacchandes 
which were found to afford levulinic acid were 
lactose 1 "* 17 sucrose 19 and the tnsacchande raffinose 1 • 
Polysaccharides made up of aldose sugars also gave 
rue to levuhmc mad on treatment with acid Thus 
inulm (polyfructose) 11 * 19 and starch (polyglucose)" 1 
both gave levulinic acid upon suitable treatment 
Bente 11 was probatyy the first to obtain it from 
cellulose The treatment of pentoses with mineral 
acids did not give levulinic aad , deoxypentoses, on 
the other hand, readily yielded it"" Hamburger 14 
found that glucosamine and the polysaccharide chi tin 
gave levulimc acid on treatment with mineral acid 
The same author discovered that chitose, the product 
of the deamination of glucosamine, also furnished 
levulinic aad on comparatively mild treatment 
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MECHANISM OP FORMATION OF LBVULINIG AGIO 
FROM CARBOHYDRATE! 

When sucrose is treated with acid the Gift result u 
the formation of fructose and glucose If these are 
written down in the open chain form as I and // it is 
readily seen that both give me to one and the same 
1,2-ene-diol, III and it is probable that this tran¬ 
sitory ene-diol is all important in the conversion of 
hexoses to levuluuc aad The next important step 
to consider is the formation of 5-hydroxymethyl 
furfural, VI from the transitory cne-diol /// possibly 
through the stages ///-> VI 
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Burton * 1 suggests the following scheme for the 
decomposition of hydroxymethyl furfural in the' 
presence of H h into levuluuc acid and formic acid 
and this probably represents as accurate an estimate 
of the course of the reaction as is possible with the 
knowledge at present available 


HOCH 
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_ H t O _ 

H COOH+H+ l CH,!^ IqH ( 9 ““O CH,|^ JlCO+ 


T 


CH, CO CH, CH, COOH 


It is of interest to speculate how levulinic acid 
may arise from a-deoxypentoses It is known that 
2-deoxynbose, X, on very mild treatment with methyl 
alcoholic hydrogen chloride gives os-methoxy- 
mcthyl lcvuhnaldehyde dimethyl acetal •*, XI Abo 
furfuryl alcohol, XII, on being treated with o 1 per 
cent hydrogen chloride in methyl alcohol* 0 gives 
rue to the same substance XI and that this on more 
drastic treatment gives levuluuc aad 


There u some factual basis for thu scheme because 
chitose, the anhydro sugar obtained on deamination 
of glucoaamine v which has the structure VII, can 
readily be converted into 5-hydroxymethyl furfural 
cm bong treated with 03 per cent oxalic aad** 
That hydroxymethyl furfural may easily be con¬ 
verted into levuluuc acid and formic acid was clefcrly 
demonstrated by Teunorn* It appears therefore 
that the essential steps in the formation of levuluuc 
aad from ald o ses and ketoses are as follows 

aldose or kctpK-+i,a ene diol —► 5-hydroxymethyl 
forforal —► levuluuc acid + formic aad 



[X) (xi) (xn) 


This latter transformation probably takes place 
after desnethylation by a mechanism analogous to 
that suggested by Burton for the formation of 
levuluuc aad from hydroxymethyl flirfural 


One possible course for the last step 11 represented 
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U. 


CH, CO CH, CH, COOH+H+ 


+H g O 
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A possible intermediate in the convenion of 
furfuryl alcohol XII into hydroxymethyl levulinakle* 
hyde XIV is the substance XIII , it is of significance 
that the i , 9 -ene-diol of a-deaxynbose, X, could theore* 
tically be transformed into XIII Thus a common 
mechanism is provided for the formation of levuhmc 
aod from such widely different substances as 9- 
deoxyribose and fluforyl alcohol 


Although Thosnas and Schuettf 
earned out all their experiments under 
pressure they state that increased pro- 
sure is advantageous Their remits 
(TabU II) show that increase of prenure from 2 o 
to 7 o atmospheres raises the yield of levuhmc acid 
from io a to 42 7 per cent The increased pressure 
however is obtained by using higher temperatures 
and their work does not eliminate the pombihty that 
the increased yield is also due to the increased 
temperature It would seem certain that both 
variants play a part Ost and Brodtxorb* 1 clearly 
demonstrated that with glucose and a per cent 
sulphuric aod at lower tempera¬ 
tures the destruction of the sugar 
was for from complete Thus at 
X20°C for 8 hr, only 97 per cent 
of glucose was degraded and at 
145*0 for 7 hr, 75 per cent was destroyed 


1—n 


HOCH, 


u- 


-HOCH, C-CH CH-CHOH 

^ HOCH, CO CH, CH, CHO 
. {XII) {XIII) {XIV) 

Moreover it is also clear from this discussion that 


the same type of mechanism appears to operate in 
the conversion of all these different carbohydrate and 
furan derivatives into levulinic acid 


EXPERIMENTS ON THE PREPARATION OP 
LEVULINIO ACID 

Early workers, already mentioned, were not concerned 
with the preparation of levuhmc acid in high yield, 
but this has been attained by modem methods 

The preparation of levulinic mod as described in 
Orgamc Synthous** involves heating sucrose (500 gm) or 
starch with water (1 1 } and con c HC 1 (250 cc) for 
24 hr at ioo°C Tins treatment gives extensive 
amounts of humin material and only 21-02% yield of 
levulinic mod, which is obtained by ether extraction 
of the reaction mixture Later experiments earned out 
by the author and others and described herein have 
shown that this yield can be almost quadrupled 

Most valuable work on the preparation of levulinic 
acid was that earned out by Thomas and Sohuettb* 9 , 
who discovered that levulinic aod was produced in 
much the same yield from glucose, fructose, sucrose 
or starch 

In experiments designed to show the effect of acid 
concentration on the yield of levulinic aod, sucrose 
(250 gm) was heated with 600 cc of HG2 of various 
concentrations and they obtained levulinic aod in 
jneldi from 34-42% of the theoretical as shown in 


TabU I E&kt qf And Concontratim m TUH 


ftoMtfMMm- 
MmHGI m 
ntttioo trtrtm 

7 m* "< 

PrmmrrM^i 

Mm 



iSfl 

iAq 

70 

348 

4* 4 

77 

iSs 


41 3 

s» 

■43 

47 

all 

4 * ! 

145 

41 

S3 4 

7*5 

■45 

4 9 

37 t 


TabU II Effort qf Prtssvn m TUld 


*! 

Pmmn 

Mm 

—r 

1 

71m \ 

* 1 

Prr cmiywU 
Imhms mad 

' 

ISO 

a 0 


1 1 

10 3 


ISO 

36 

j 

* I 

Si 7 


*43 

41 


1 1 

34 J 


ids 

70 


1 1 

_J 

4* 7 


They also showed that a heating period of at least 
5 hr was needed to effect appreciable degradation of 
glucoK under their conditions, see TabU III 
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Haworih and have made further 

studies on the preparation of levuhmc acid from 
sucrose To discover the most effective mineral acid 
in converting sucrose into levuluuc acid the former 
was heated with sulphuric, hydrochloric and hydro- 
bromic acids under similar conditions, see TabU IV 
The sugar was heated with the acid in scaled tuba 
at 140*0 for 16 hr Additional data by Bsrthelot 
and Andre* • showed that glucose and phosphoric 
acid at k6o°G for 7 days gave only 37 per cent of 
levuluuc aad 
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It is dear from Table IV that hydrobromic aad 
1* the best catalyst for the production of levuhmc 
aad from sucrose The next most important fret 
discovered was that the yield of levuhmc aad 
depended critically on the concentration of sucrose 
Using 30 per cent concentration of sucrose with 
8 per cent hydrobromic acid, only 34 per cent of 
levuhmc aad was obtained, but with 3 per cent 
sucrose under the same conditions the yield rose to 
79 per cent Yields are based on weight of undutilled 
material These results are shown in Table V and 
Figure j the solutions were heated at 140*0 for 93 hr 



Since levulwic acid was most advantageously 
prepared using hydrobromic acid as the catalyst it 
was decided to test whether small amounts of 
bromide ion would be effective in increasing the 
yield of levuhmc acid compared with that obtained 
using hydrochloric acid The results given in Table VI 
show that the add i t io n of only 1 per cent sodium 
bromide to a hydrochloric acid solution of sucrose 
effected a marked increase in the yield under the 
conditions used This increase in the rate of a 
carbohydrate degradation reaction by bromide ion 
has been observed before in the case of the convernon 
of saccharic acid into furan a, 5-dicarboxyhc acid 


Table VI E£*ct ef Sodmn Bremute m TteU 



Haworth, Jonbs and Wioom >4 found that ftir&n 
a, 3-dicarbaxyhc acid could only be obtained from 
potaJtium saocfaarmtc and hydrochloric aad by 


heating the mixture at a high temperature 19 at 
140*0, under pressure, but when hydrobromic aad 
was used the reaction took place under atmospheric 
pressure and moreover gave a higher yield 

The pro c ere of isolation of levuhmc aad may be 
deKnbed as follows 

After the dilute solution of sucrose had been heated 
with the aad reagents it was filtered from the black 
huznm material, which was about 8% of the weight of 
sucrose used, and the clear solution was continuously 
extracted with ether in a conventional, extraction ap¬ 
paratus The extract after being dried (MgS 0 4 ) was 
evaporated at 40-50*0 to a syrup tins was heated to 
ioo*C under reduced p r emu re, when formic aad (60- 
70% theoretical) datuled Ibe residue crystallised 
completely on cooling and was weighod as levuhmc 
mad It may be punfiod by distillation under good 
vacuum with but small (about 5%) lorn The aad 
solution, after the removal of the levulimc acid by ether 
extraction, was boiled to remove dusolved ether, then 
heated with fresh sucrose and the pro c ew repeated 
After the first treatment slightly higher yields of 
levuluuc aad were obtained The same acin solution 
could be repeatedly used without disadvantage Thus 
formic aad could also be conveniently isolated 

Ploxtz * 1 has also described methods of pre¬ 
paration of levulwic aad from carbohydrates using 
hydrobromic aad as the catalyst 

Ploets obtained 69% of kVulimc aad from crude 
cane sugar, 73 3% from glucore and 84 4% from starch, 
by heating there carbohydrates with 10% hydrobromic 
aad at 130*0 for 04 hr 

Thompson* 9 reports that if sodium chloride is 
added to a glucose/aad solution and the mixture 
heated at atmospheric pressure there 11 an increase 
in yield of levuluuc aad The reason for adding 
the salt is, however, different from that obtaining in 
the addition of sodium bromide to the reaction mix¬ 
ture, and u doubtless merely to raise the boding 
point of the solution 

Other worken have prepared levuluuc aad in the 
form of its methyl ester by heating tucrore (loogm) 
for 10 hr at 160-165*0 with methanol (300 gm) con¬ 
taining a 3% hydrogen chloride and sodium sulphate, 
whence 1 4% of methoxymetbyl furfural and ao 8% 
of methyl levulmate were obtained 97 

The following procedure for the preparation and 
isolation of levuluuc acid is that used by the Staley 
Manufacturing Go of Chicago" 

Thu involves the pre-heating of starch with dilute 
HG 1 (1 5-a 3%) at ioo°C, then heating the mixture 
in a presnire digester at i9o-floo°C with mechanical 
agitation The temperature is raised fay live steam at 
a rate of 1C 0 to jfirfmm The dewed temperature u 
reached in 50-60 mm and degradation of the sugar 
proceeds so that enough beat n liberated to 
this temperature for a further ) hr Thereafter the 
mixture a filtered free from a granular humin material 
partly neutralised to pH 1 g and evaporated to small 
bulk. NaQ which separates a centrifuged off and the 
mother liquor is sutyected to steam distillation under 
vacuum, wheh a relatively pure form of levulunc add 
of light colour together with a rendual tar u obtained, 
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Recently Moyer** has found that purification of 
‘levulinic aad with sodium chlonte and hydrogen 
peroxide gave a water white product. The residual 
tar from the distillation yielded a further amount of 
levulinic aad by subjecting it to steam treatment 
followed by distillation 4 * 

Of the two pomble methods of isolation of levulinic 
acid the solvent extraction process would appear to 
be the most favourable since it enables repeated use 
to be made of the acid catalyst and enables the easy 
isolation of formic aad to be achieved The solvent 
most often used is diethyl ether although the ratio 
of concentration of levulinic acid in ether to con¬ 
centration of levulinic aad in water is o 225 at a*>°C 
and 11 not very high 41 Maoallum 4 * suggests that 
A-butanol is a better solvent than ether but this 
extracts a considerable amount of the mineral aad 
as well as the levulinic acid , since its b pt is rather 
lngh (u8°C) some butyl levulinate must be formed 
during the extraction process Another solvent which 
preferentially extracts levulinic acid and not formic 
acid or the coloured by-products is methylene 
chloride 4 * This has a low boiling point and is 
advantageous since its use offers no fire danger 

Another process of interest to the problem of the 
utiliration of sucrose as a basic chemical has been 
suggested 41 This is a two-stage process for the 
preparation of 5-hydroxymethylfurfural and levulinic 
acid from sucrose 

The sucrose is heated with oxalic aad, phosphoric 
aad, maleic mod or even very dilute hydrochloric aad, 
in an autoclave at 150 to 16o^C for 3 hr 1 hese reagents 
degrade only the fructose half of the sucrose molecule 
and that only to 5-hydroxymethyl furfural After the 
weak aad treatment humin material is filtered off and 
the hydroxymethyl furfural is removed from solution 
by continuous extraction with ethyl acetate Thereafter 
the aqueous residue is evaporated to remove dissolved 
solvent, the appropriate amounts of hydrochloric acid 
and sodium bromide added, and the mixture heated 
under the conditions already mentioned to convert the 
residual glucose into levulinic and 

Obviously levulinic acid can be obtained not only 
from pure sucrose, but also from any hexose con¬ 
taining solution, for example molasses or crude cane 
juice** It has now b&h found, see Tabl* VII, that 
crude cane juice can be just as efficiently converted 
into levulinic aad as pure sucrose 
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Cane juice was evaporated to a syrup rontalftiig 
70 per cent solid and 65 per cent by weight of sugars 
(60 per cent as sucrose) This was heated In sealed 
tubes with aad reagents u the appropriate quantities 
as given in TabU Vli The levulinic aad formal in the 
reaction was isolated by the same solvent extraction 
procedure as that recorded above for pure sucrose 

TabU VII shows that under the most favourable 
conditions almost as high a yield of levulinic aad 
can be obtained from this carbohydrate source as 
from pure sucrose 
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SODIUM LEVULINATE AS AN ANTI-FREEZE 
AGENT 

When levulinic acid solution u almost neutralized 
with dilute sodium hydroxide and the solution 
evaporated to dryness, a crystalline sodium salt of 
good colour is obtained m practically quantitative 
yield Reciystallized from alcohol, the salt forms 
needles, m pi i6&-i70°C Sodium levulinate so 
prepared has been examined 44 as an anti-freeze 
agent at the Chemical Research Laboratory of the 
Department of Saentific and Industrial Research 
Its efficiency is satisfactory within the limits set by 
a eutectic point m the region of 40 per cent w/v 
although, weight for weight, it is not %o efficient as 
ethylene glycol Being a solid, however, it has the 
advantage over glycol of greater convenience of 
transport Alternatively, it could be used as a 
* stretching agent' for ethylene glycol in which it is 
soluble to the extent of approximately equal parts 
by weight of solute and solvent The behaviour of 
aqueous solutions of sodium levulinate at tem¬ 
peratures up to boiling (simulating the running 
conditions of an automobile cooling system) is satis¬ 
factory in respect to freedom from frothing and 
stability of and freezing point 

' A property of importance in an anti-freeze agent 
for heat exchange systems 11 the extent to which it 
will loosen rust and scale present on the metal sur¬ 
faces over which the liquid circulates In radiator 
systems for example this may cause serious trouble 
through the choking of narrow waterways in the 
system Tests have shown that sodium levulinate 
has a greater rust-loosening action than tap water, 
although it is unlikely that the effect will be suffi¬ 
ciently marked to cause serious trouble Observations 
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tn the couiie of laboratory and car tests have re¬ 
vealed no deleterious action on rubber 

Laboratory corrosion tests, using metals or com¬ 
binations of metals likely to be present in car systc ms, 
have given satisfactory results except for some 
thinning of solder at soldered joints Additions of 
1 per cent w/v ot sodium chromate or sodium 
phosphate appreciably reduced this attack Cat testa 
with 28 per cent sodium levulinate (f pt - 8 8°C) 
have confirmed its very satisfactory behaviour 
towards mild steel , they have also confirmed the 
corrosive action on solder and the ic ndenc y to the 
loosening of pre-existing lust Similar results wcie 
obtained with a solution of 10 per rent ethylene 
glycol and 15 per cent sodium le\ulinate (f pt 
8 8°C), with an additional observation in respect 
to an aluminium alloy, RR 50, bolted uther to mild 
steel alone or to mild steel and copper In elh>lcne 
glycol solution or in tap water either of these metal 
combinations leads to the greatest attack on mild 
steel In the pic scncc of sodium levulinate the position 
is reversed, the greatest attack in eath case being 
thrown upon the aluminium alloy, the corrosion of 
the steel being correspondingly rcduccci 

Thus sodium levulinate could be used satisfactorily 
as an anti-freeze agent in many circumstaneis In 
heat-exe hange systems there is no undue corrosion 
of iron or steel, either alone or in conuc t with other 
metals There is increased coriosion of the exposed 
surfaces of solder but the attack appears not to pe nc- 
trate into the joints themselves and is probably 
amenable to suppi ession by the addition of a conosion 
inhibitor 1 urthrr lescarc h is required be fore sodium 
levulinate can be recommended for all conditions 
likely to arise in an automobile cooling system 

The author is grateful to Prqfessor Str Norman Hau'orth , 
t R S yfor his helpful interest tn this work , to the Colonial 
Products Research Council for its support, to the Chemical 
Research Laboratory, leddtngton, under whose auspices the 
tests on sodium levulinate as an antifreeze agent were 
earned out , and to the Lhitf Scientist, Ministry qf Supply , 
for permission to publish this paper 
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Vltraviolet Absorption Spectra of Some 
Aromatic Disulphides and Disulphoxides 

Regent publications by Carmack ct aht 1 -* and 
Koch 4 -* prompt us to record here some observations 
made in these I a bora tones on a senes of related 
aromatic disulphides and disulphoxides, the ultra¬ 
violet absorption sp< c tra of which, d( t< rmincd in 
alcoholic solution, arc summarized in Table* 1 and II 
Absorption spectra oi aiomatic disulphoxides have 
not hitherto been recorded 


unsulistitutcd com¬ 
pound, an increment 
almost identical with 
that caused by the 
introduction of a 
cyanogioup 14 into 
the isolated benzene 
nucleus I he lmino- 
elher hydiochloride MA m , 320 A) and amidinc 
salts (JAnm, 410 A) also show the bthavi >ur expect'd 
by the introduction of one additional ufisaturated 



Tablt I Aromatic Disulphides 


( omfpound 

1 

1 

A max ^ | 

log* max 

c.h 5 s s c.h. 
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1 

1 
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■M'o 1 
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Mr C.H. S S C.H, Ml 
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j, 4 Jo 
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Nil, C.H. S S C.H, NH 2 2IK 1 
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2,540-a 580 

X qoo 1 

4 21 

1 j *»» 

CN C* r H 4 S S C.H, CN 
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2 670-2,7^0 1 

4 4 * 

HO(NH )C C.H, SSC,ll,t( NH)OIt 2HC 1 

i 

2,710-2,750 

| 4 

NlVNIl )C C . 11 . S S C.H. (( NH)NH, 2HCI 

NH,(NH )C C t H» S S t. 11 , ('( NH)NH, aC.H. SO,H 

1 

1 

2 800 2,840 
2,800-2,850 

4 3 « 

' 4 39 


1 able II Aromatu Disulphoxides 


( ompound 

A max ^ 

log 6 max 

C.H, S SO, C,H, 


a 300 a 310 1 

2,720* | 

03 4 *> 

CN C,H 4 S SO, C,H| CN 


2,4^0 2 440 

■1,91°* 


NH.CO ( ,h 4 s so, C.H. CONII, 


2,400-2 440 
-1.H30* 


I tO(NH )( C.H. S SO, C.H. C{ NH)OI t 


2,490-2,500 

2,830* 

1 440 

399 

FtO(NH )G C,II 4 S SO, C.H. C( NH)OFt 2HCI 


2,460-2,480 

2,8jo* 

439 

19 b 


* Inflection 


In the aromatic disulphides (Table I) both diphtnvP 
and di-/r-tolyl disulphide" have A^.^ appioximately 
equal bo A) to that of thiophenol 4 ’ *- J1 with 

*tm double that of the mercaptan This may imply 
direct electronic interaction between the two ad¬ 
jacent sulphur atoms, with numerous possible 
resonance forms such as Foimila /, especially if it is 
assumed that the sulphur atom can function both as 
electron donor and acctptor, the latter assumption 
involving the c oncept ol the expansion of its valency 
shell to ten electrons' 1 With di-^-cyanophenyl 
disulphide, K*** has met eased by 300 A over the 


linkage into the system, probably intensified in the 
latter by the additional internal resonance 
possibilities m the amidine system 14 

In the corresponding disulphoxides (Table II) 
which are now generally accepted l, « 11 as possessing 
the un»ymmetncal thiolsulphonate structure, one 
sulphur atom u devoid of unshared elc c irons Struc¬ 
tures such as Formula II may operate here, and the 
observed absorption maximum at 2,300 A may be 
due to the reduced number of resonance possibilities 
as compared with both diphenyl disulphide and 
diphenyl sulphone All disulphoxides exammed 
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show a characteristic inflection at 2,720 2,900 A 
Introduction of an additional unsaturated linkage 
into the l-and //-positions, as in the diamide, di- 
cyamde and di-iminoether, causes a shift in of 
only 120-170 A showing thr greatly reduced 
4 transmitting ’ ability of the thiukulphonalc as com¬ 
pared with the disulphide function 

Thu work was carried out under the auspices of the 
Notional Health and Medical Research Council, to whom 
thanks are due 

I (\merman 

L Baulk 

Organtc Chemistry Department 
University of Sydney 

(Receiud January /pjo) 
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Frictional Properties of Porous Metal 
Impregnated with Plastic 

It has been shown earlier that any device which 
will produce a thin lilm of low shear strength on the 
surface ol a harder substratum will, in general, give a 
low friction 1 If the ploughing Itrm is small the 
friction between the solids is approximately given by 
F *- As, where A is the area of intimate contact and 
s shear strength at the interface If both A and s 
are small, the frictional resistance will be low Thus 
experiment has shown that it a thin film of indium 
(r 10- 1 cm thick) is deposited on to the surface of 
a hard metal, the friction at heavy loads may be as 
low as fi ■* o 04 . 


A film deposited on the surface may, by repeated 
sliding, be worn away, but this difficulty c an be over¬ 
come by impregnating the harder material with the 
softer one With a copper lead bearing metal, for 
example, the lead is dupe rsed throughout the copper, 
either as isolated dioplels or as a continuous matrix 
in between the copper ciyxtals Tht sliding process 
itself then extrudes a thin lilm of had over the 
surface of the copper and it is this process whirh is 
largely responsible for the low friction and wcar J 

Frictional measurement expeuments on various 
plastics* have shown that solid Teflon [polytetrafluro- 
cthylcnt ( C T* Cl ,) n ] gives a very low coeflicicut 
of fiictinn when slid against metal surfaces 

f able I \ anation of ( 0 ffi tent of bru turn with Temp rature 

. I 

„ , ' 

llptiaj I 13 ( loo ( .IK) ( .31) ( 33U n f I rot/tnf 

tappet 1 l I | to ft* ( 

Impregnated ] j 

m th r flon | j 

i inlfTtd . 11, n, I), o, I f 1 j 1 03 

' ' - I 

Si hi* rid m 

treated | \ J ^ < n 7 t 11B 1 c 1 j c l 

Solid I 1 | r I 4 11 1 c I Cl Cl 

It was found that a film of Teflon when simply 
rubbed on to me tal surfaces would give a low value 
ol the friction, but the film was worn away Porous 
metal was, therefore, impregnated with the plastic 
Sintered copper lmpiegnatcd in this way (figure i) 
gave remaikably low values of friction Some typical 
results are shown in Table / Steel was used as the 
slider and the surfaces were unlubncatcd 

It will be seen that the treated metal give s a very 
low frit lion, n -= o 03, and this is maintained up to 
high tcmperalurts At 250°^ the friction is still 



Figure 1 Section of sintered copper impregnated 
to a depth qf e 1 mm with Teflon a sintered 
topper b impregnated surface layer (magnifica¬ 
tion X to, reduced by ar/j on reproduction) 
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p = o 05 At 330°C, where decomposition of the 
plastic would occur, the fnction begins to rue to 
p — o is, but on allowing the metal to cool it 
decreases to p =* 0 05 again The treated metal 
shows little sign of surface damage whereas the un¬ 
treated copper displays marked adhesion, surface 
damage and wear 

Since the thin plastic film can be fed on to the 
surface by the sliding process, it u not worn away 
by repeated sliding m fact repeated sliding leads to 
a reduction in the fnction 

F P Bowden 

Laboratory for tke Physics 
and Chemistry of Rubbing Solids 
Department of Physical Chemistry 
University qf Cambridge 

{Received January 1950) 
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N—N link were computed from our measurements of 
the refrartivities and parachors The results arc given 
in Table U 


Table II Bond Refraction and Bond Paraehor for N—N from 
as-Dtalkyl Hydrazines 


Comptmud 

Bmd refratUm 

Bmd paraehor 

NH, 

Pr»fN NH, 
Bu*,N NH, 
Am*,N NH, 

a 04 

:za 

190 

r 7 

s a 

S3 

Mem 

100 

63 


We have also calculated similar constants for this 
link from our experimental data on the di-n-alkyl 
mtrosamines The results are presented in Table III 


Table III Constants for N—N from DtaUyl Mtrosamuus 


Compound 

Bmd refract*** 

Bmd paraehor 

Me.N NO 

Et.N NO 

Pr*,N NO 

a 13 

1a « 

1 99 

81 

a 00 

61 

Buor.N NO 

1 93 

16 

Am»,N NO 

1 87 

-- 1 0 

NO 

1 9* 

— s t 

Mem 

1 08 
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Mew Method for the Preparation of as-Dialkyl 
Hydrazines Bond Refractions and Bond 
Parachors of the N-N and N=N links 

ar-Dialkyl hydrazines R,N NH, may be prepared by 
the reduction of the nitrosamines' R t N NO with 
zinc and acetic acid, when R is methyl, ethyl or 
n-propyl The procedure u not suitable as a prepara¬ 
tive method when R 11 a-butyl or a higher alkyl 
group , the dialkylamine u the main product We 
have found that the reduction of dialkyl mtrosamines 
by lithium aluminium hydride m dry ethereal solution 
provides a general method for the preparation of 
aj-dialkyl hydrazines in excellent yields The hitherto 
unknown or-di-n-propyl, di-n-butyl and di-n-amyl 
hydrazines were readily obtained in good yields by 
this method , their physical properties arc. shown in 
Table I 


Table l Physical Properties of some Dudkyl Hydrazines 


Gmk 0 m "4 

Bp 

BO* 

d 

4* 

to* 

ft 

D 

R 

D 

Pr*,N NH, 
Bu<N NH. 
Airt»,N NH, 

81*77 am 
tiVkmm 

*Th mm 

:q 

08107 

1 

I 4SM 

M377 

87 19 

S3 


Utilizing the values for the bond refractions 
(D-hne) and bond parachors previously reported 1 for 
C—H, C—C, C—N and N—H, the constants for the 


It will be observe d that the bond paraehor dec n ases 
steadily as the molecular weight of the alkyl group 
increases 

There are no satisfactory experimental data avail¬ 
able for the calculation of the constants for the N*^N 
link We have prepared and measured the rcfrac- 
tivi ties and parachors of three azo-dicarboxyhc esters 
ROOC N=N COOR The constants of the N=N 
bond were calculated with the aid of the data upon 
dialkyl oxalates 1 The results are collected in Table 
IV 


Table IV Constants for N=N from 4 zo-Dusrboxyhc esters 


Campmmd 

Bmd refracts m 

Bmd paraehor 

HOjC—N-N-COjEt 
PW.C-N-N -CO.Pr* 

Bu o.t -N-N—CO,Bti« 

VI 

3 88 

46 0 

44 8 

41 n 

Mem 

4 >J 

4+ * 
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Commentary: Scientific Research in Industry 


Since ‘ knowledob is power to quote an old saying, then experimental 
science must be the inspiration and guide of industry Called into being by two 
needs irresistible to mankind, to live better and to know more, industry and 
science have naturally developed as it were m symbiosis In Europe, the end 
of the eighteenth century marked the threshold of their great mutual renaissance. 
Now, a century and a half later, the factory has annexed the laboratory for 
direction, coordination and control, so that the physicist C Fabry has drawn 
the bold but just simile of the internal secreting glands in a living body 

Meanwhile this union of science and industry has not come down through 
the ages unscathed. On the one hand there are those scientists in their ivory 
towers who gaze down on the earthy ground of practical application and decide 
it is far beneath them and hardly compatible with the dignity of their calling, 
and on the other hand there are industrialists who proclaim their disdain for 
scientific speculation At the very heart of enterprise, we find the man in the 
workshop and the man m the laboratory at loggerheads one styles his colleague 
‘ empiricist ’ while the other retaliates with ‘ dreamer \ 

Grieved at seeing science and industry behaving so much like the * two ugly 
sisters the famous scientist and engineer H. lb Chatelier made himself 
champion of their union He advised better understanding of the physicochemical 
laws underlying industrial processes, and at the same time mentioned the interest 
of men like A L Lavoisier, JAG Chaptal, G L Berthollet and J L 
Gay-Lussac, m such things as lighting, bleaching and the manufacture of acids, 
which can hardly be said to have debased their scientific work 

Proud to have heard the call of this master and working under the encourage¬ 
ment of H Fayol, another pioneer of industrial research, the author devoted 
his career to the science of metallography in the special steels industry and he 
thanks the editor of Research for the chance of pleading a cause dear to him. 
Under the compulsion of brevity he will confine himself *to the defence of 
two propositions ■ 

1 that fundamental scientific research has its place alongside applied research 
m the laboratories of industry 

2 that industrial research should be spared the restrictions and sterilization which 
oftm result from too narrow a control 

Setenee the works: importunes of fundamental research — Two words serve to 
characterize the role of science in industrial enterprise * maintenance, improve¬ 
ment. To maintain the progress of works at the most satisfactory level is a delicate 
and laborious complex task . in industry as in war it is often easier to win than ' 
to hold. Modem industrial processes depend on W many factors that fluctuations 
4pf one or another are Only to be expec ted . Such fluctuations are dften the cause 
of long dekrys and costly ^gections, and the only* way of forestalling'them is to 
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subject all the governing factors to control 
This may be effected by frequent measure¬ 
ment or, better still, by a continuous recording 
of their magnitudes If, despite these pre¬ 
cautions, the system of control breaks down, an 
expert examination is at once undertaken to 
determine the causes of deviation, so that a 
remedy may be found and recurrence of the 
trouble prevented 

To improve is to perfect or recondition a 
process or plant, to raise the qualities of some 
existing product so as to increase its functional 
utility, or to create a new product to meet a 
new requirement This is the purpose of 
research it commences in the laboratory but 
continues in the workshop From initial con* 
ception to industrial application is usually a 
long and tortuous path, bristling with obstacles 
Research has two mam branches first, scien¬ 
tific research, properly so-called and known as 
fundamental research , the other includes ten¬ 
tative applications, and is applied research 

The boundary between these two u vaguely 
defined and the distinction occasionally a subtle 
one Both employ the same equipment and 
similar techniques, and results are obtained-by 
much the same methods The expected 
accuracy is not necessarily of a different ordei 
To find a difference, one must review the 
sources whence spring the motives for study and 
consider the morale of the scientist in the 
pursuit of his labours 

Working at leisure and with no consideration 
of profit, the pure scientist can simply follow 
his bent in the choice of problems and methods 
of investigation He is even free to change bis 
objective and pursue any side track which 
provokes his curiosity On the other hand the 
industrial investigator has a severe discipline 
and rigorous continuity of application imposed 
on him by industry His gamut of problems 
and their relative priorities are prescribed by 
the works, the comiixneni and the inventors, 
all are exacting add urgent. 

The contribution of industrial laboratories to 
science is well illustrated by the whole history 
of metallography it is sufficient to recall the 
fundamental work of F Osmond, Q Charjpy, 
A. M, Pootbvxn and others in France, and of 
such men as Sir William Roberts-Austen, 


R. A. Hadfield, A. Bain, and E Houdremqnt 
elsewhere Yet, in the present state of scientific 
organization in the great nations of the world, 
we find some good people who consider it 
desirable to limit the activities of industrial 
laboratories to applied research and to confine 
theoretical and fundamental research to central 
laboratories maintained by the state in estab¬ 
lishments for higher learning or subsidized by 
professional bodies This seemingly logical 
thesis 11 too rigid and should be disputed On 
the strength of his forty years experience the 
author defends a more flexible arrangement, so 
as to make the best use of every worker's 
abilities, no matter where he may be employed 
With research, it is necessary to guard against 
too much planning for, say the Scriptures, 
• The wind bloweth where it listeth 1 Whoever 
carries out scientific research in industry cannot 
hope by his own efforts to discover every law 
and to assess every factor which comes into 
manufacture, but must be ready to assimilate 
other people’s discoveries very quickly and take 
immediate advantage of them In addition to 
this receptive faculty he should have the ad¬ 
vantage of some sort of intimacy with the 
subject of his research, for this confers an 
intuition in the solution of entirely new 
problems 

The industrialist who accepts and encourages 
fundamental work alongside applied research 
enjoys a further, and perhaps more important, 
advantage in that he has recourse to the most 
efficacious means of insuring the scientific in¬ 
semination of his undertaking 

By this expression we are to understand that 
state of technical preparedness, by virtue of 
which all the executives of a given difficult task 
may know its true aim and understand the 
means of its achievement. The term must also 
embrace that state of cohesion which facilitates 
the swift and smooth running of the organiza¬ 
tion If the advantage of this scientific in¬ 
semination is obvious in the harmonious flow 
of production, it is none the less certain on the 
social side 

The benefits of this scientific insemination 
cannot be characterized better than by con¬ 
sidering Fabry's physiological simile again. 
The pituitary gland excites other endocrine 
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glands by means of the stimulants it secretes 
in the body and causes these glands to pour 
out into our blood the hormones which regulate 
the balanced growth and normal functioning 
of the organs Should, for example, the pituitary 
discontinue to provide the mysterious essence 
which stimulates the pancreas the latter will 
no longer secrete insulm and the body will 
suffer diabetes The pituitary regulates many 
other functions It is a control station not sub¬ 
servient to human will power and indeed quite 
distinct from the brain that is why it is called 
the endocrine brain Likewise in the industrial 
enteiprise there is the thinking brain con¬ 
stituted by the directors, and complements y to 
this there is the endocrine brain consisting of 
the research services The one is as indispensable 
as the other 

SCEPTIOAL DISCOURSE ON THE PLANN1NO 
OF RESEARCH 

The good seed sown by men like H 1 c 
Chatelier has happily come to germination, 
and in France the advent of the harvest u full 
of promise Professional technical centres have 
been instituted, corporate laboratories built, 
and new Chairs and even new Schools have 
been founded to delve deeper into the science 
of metallurgy and diffuse its teaching All these 
measures prove that France, pooily endowed 
with raw materials with the exception of iron 
and aluminium, impoverished by the war but 
still rich in grey matter, sees the future of her 
industry m the conquest of quality 

This industry should keep a sharp look out 
for the rocks, and for trouble even more for¬ 
midable perhaps than past indifference to 
science In our anxiety to catch up after the 
war, and in our readmes! to break old bonds, 
we have }et to fear lest controls impose a 
leaden shroud over science and research 

Certainly, planning and everything under the 
heading of rational organization can work 
wonders when it comes to applied research or, 
more precisely, specific tasks The problem 
then is to draw industrial inferences, in the least 
time and at lowest cost, from some idea pre¬ 
viously shown to be fertile, such inferences being 
already apparent and even amenable to 
calculation. ~ *■ 


But it is another matter altogether for scien¬ 
tific research of a fundamental nature, which 
is indispensable for replenishing the reservoir 
with new ideas to form the bans for future 
technical progress To sail into the unknown, 
to follow a thread of Anadne and explore a 
new domain, to draw back the curtain which 
veils the horizon of the investigator , these are 
achieved by mtuition rather than by logic 
Such work is personal rather than collective, 
particularly in an individualistic country like 
France 

Of course there have been rash minds who 
have laid claim to discerning in advance 
between purely speculative researches and 
those fertile in application Thus F. M 
Louvon, after the death of J B Colbert, 
begged the gentlemen of the Acadinue des 
Sciences to put an end to all 1 useless and 
inquisitive * research so that they might devote 
themselves wholly to the development of arms 
and defence of fortifications Thu presump¬ 
tuous minister of Louu XIV was truly unable 
to foresee the practical fertility of a multitude 
of disinterested studies Warned by the history 
of discoveries of resounding fame, our would-be 
realists should be more circumspect, for to 
predict whether any given study will bear fruit 
m industrial application, or just m a simple 
satisfaction of the intellect, u usually to go far 
beyond the bounds of human foresight 

In his book Santee and the Planned State J R 
Baker tells the strange story of an important 
therapeutic discovery the treatment of cancer 
of the prostate by means of follicuhn He 
describes the tortuous me&nderingi of thought, 
the numerous blind alleys and unforeseen set¬ 
backs and then asks in conclusion 

What central planner, interested m the cure of cancer, 
would have supported Griffiths in hm studies of the 
seasonal cycle of the hedgehog, or Grower and 
Husler in their biochemical work on the lining 
membrane of the intestine ? How could anyone have 
connected phosphatase with cancer when the existence 
of phosphatase was unknown ? And while it was yet 
unknown, how could the man in charge of the 
fends know 1 6 whom to give the money for research'? 

These are words of wisdom, and the author, 
firm supporter of the samp thesis, asks per¬ 
mission to set, out for (hfrcUtaon his own story 
of an industrial discovery, of an alloy resistant 
in stefcta $p corrosion figuring. 

151 




Research 3-4 


” p 'ghevenard * Commentary Scientific Research 1a Industry 


STORY OF AN ALLOY 

In 1912 a rust-proof chromium ferromckel with 
24 per cent nickel and a per cent chromium 
was much used for steam turbine blades but 
had given disastrous results After a few days 
running the blades would break and throw the 
turbines out of action. These fractures started 
as deep fissures several millimetres apart } 
originating near the surface and spreading 
between the crystals of the metal. The chemical 
origin was evident, and the activity of this 
corrosion cracking was in strange contrast with 
the general resistance of the alloy to superficial 
corrosion Both metallurgists and designers 
shook their beads over this serious fault and intro¬ 
duced the phrase 4 the fallibility of ferro nickels 1 
As he was then already devoted to the study 
of the thermal physics of these remarkable 
alloys, and being audacious as one is at twenty 
three, the author resolved to reinstate them, 
although without the faintest idea how he was 
going to achieve this rash undertaking ' 

The first thing to do was to reproduce the 
corrosion fissures m utro and analyse their 
mechanism Various bars, wires, foils, and 
plates of the sensitive alloy were enclosed in an 
autoclave coupled to a boiler and periodically 
taken out for examination It was then found 
that the heaviest worked specimens were those 
most rapidly fissured, particularly those in 
which local hardening had set up considerable 
internal stresses Since the annealed 24/2 nickel 
chromium alloy changed from a paramagnetic 
to a weakly ferromagnetmr one on working, 
owing to a partial changero y iron into oc iron, 
the hypothesis came to mind that an alloy 
which was mistaqjgjp'thls phase change would 
also resist Assuring So research was undertaken 
into iron-mckel alloyi in which the y-+cL 
transformation did not take place Dilatometnc 
experiments were immediately earned out over 
the range -269 to 900°C, using Kamerlingh 
Onnes helium baths at the lower end of the 
scale, and it was shown that the orily alloys 
meeting the requirement had the limiting com¬ 
position Fe,Ni with 34 45 per cent*nickel It 
now remained to be verified that this same 
nickel content coincided with the boundary of 
common Assuring susceptibility 
At first, experiments seemed to justify this 
prophecy, specimens of invar, a ferromckel 


containing 36 per cent nickel, were withdrawn 
intact from the autoclave after sac months 
treatment Then one fine day several fissures 
were observed ! Should the hypothesis be re¬ 
jected in its entirety 9 Surely it held some 
element of truth, since the invar was only 
affected at some particular points , but there 
was something else as well 1 

During the next few months nothing turned 
up to elucidate this 4 other factor 1 But, in 
1914, Ch-Ed Guillaume, who was working in 
an entirely different field, made an important 
discovery He had been studying, by means of 
the comparator at the Bureau International des 
Poids et Mesures, the alow slight spontaneous 
elongation of invar bars in the rolled condition 
(a few microns per metre per year), when it 
suddenly occurred to him‘that the traces of 
carbon in the alloy were the cause of its in¬ 
stability On heating, the carbon dissolves in 
the ferromckel, remains in supersaturated solu¬ 
tion after rapid cooling, and then slowly 
precipitates at ambient temperatures combined 
with iron and manganese as ternary cemenfate 
To get over this, thought Guillaume, it should 
be posable to neutralize the carbon by addition 
of an element which would readily combine 
with it Chromium was tried at once and found 
to be an effective remedy for this instability 

Some analogous phenomenon, or even the 
same one, might well account for the fissures 
All the known facts were re-examined in the 
light of thix second hypothesis, and appeared to 
favour the comparison As soon as this was 
evident, the author made up his mind to try 
the same antidote. As prudence counselled the 
superposition of precautions prescribed by both 
hypotheses, he raised the nickel content from 
24 to 35 per cent and the chromium from 2 to 
11 per cent This was on the right side of the 
FefNi boundary and the chromium should 
surely, cope with the o 3 per cent carbon which 
was essential for mechanical strength. 

In the autoclave the new alloy proved wholly 
insensible to corrosion fissunng, and so it came 
to be used in steam turbines Under the name 
of ATV it became an unparalleled industrial 
success from the year 1920 onward. 

1 4 

Nevertfaden, was it safe to draw co ndu dops 
from a negative result ? What guarantee was 


p. chbvenasld t Commentary ^ Scientific Research in Industry 


Research 3-4 


there that the dreaded fissures would not one 
day reappear? There was no scientifically 
established theory to rely on and the reputation 
oiATV rested solely upon empirical and there¬ 
fore shaky knowledge* Furthermore, no one 
dared to alptr the composition of the alloy in 
order to improve its mechanical properties For 
this theoretical basis, so much needed and so 
actively sought after, we had to wait until 1928 1 

Thermomagnetic picasurezncnts on super- 
hardened and tempered ATV had generally 
shown a magnetic transformation occurring 
over a range of temperatures, indicating the 
heterogeneous constitution of the iron-mckcl- 
chromium-carbon austenite which formed an 
aggregate in the alloy with a complex cementite 
nch in chromium The determination of these 
abnormal magnetization/temperature curves 
had fixed the amplitude and extent of this 
heterogeneity, of which the origin was evident 
the centripetal migration of chromium towards 
each point where a complex cementite gram 
had been precipitated on annealing At the 
same time, chemical tests had shown the 
existence of a sulphur reagent which was only 
slightly active towards high chromium ferro- 
rnckels but which would attack strongly the 
chromium exhausted zones sutfounding each 
of these grains This all led without doubt to 
the conclusion that secondary heterogeneity on 
precipitation was the predominant factor m 
producing corrosion fissures 

From that time the reliability of ATV for 
use in steam turbines was established How¬ 
ever carefully the heat treatment of chromium 
ferromckel may be earned out, it is impossible 
to avoid the formation of chromium starved 
zones in some parts The composition of an 
alloy must therefore be such that it will resist 
attack by its environment, not only in the mass 
but also at its more vulnerable regions Hence 
the secunty conferred on ATV by its high 
nickel content, and the secret of its reustance 
to steam and water impurities regardless of its 
physicochemical and structural state and its 
tmcro-vanations. 

Not only has the theory provided an ac¬ 
credited confidence in ATV, but also, possibly 
mm; important, a basis for modifying its com¬ 
position in ordb* to raise its flattie limit and 


cr ee p resistance without introducing doubts 
about its resistance to fissurmg Such elements 
as aluminium and titanium in effect form con¬ 
stituents with the nickel of the alloy which are 
more soluble at higher temperatures and are 
then able to participate m structural hardening 
on tempering and annealing, without a local 
reduction of the chromium content of the 
austenite as a result of their precipitation The 
success of the heat resistant complex ferro- 
mckels due Tb this formula has been proved m 
practice, in the construction of gas turbines and 
jet propulsion units for aircraft 

Such, m brief, is the story of an alloy made 
m the factories of Imphy in France and in 
Hadfield’s Hecla works in England , an alloy 
which has opened up the way for development 
of turbines on land and sea with a gross output 
of over ten million horsepower and which, 
according to Lord Dudley Gordon, has been 
a definite factor in the allied victory 

Suppose H Fayol, having once posed the 
problem of alloys for the steam turbine, had 
taken upon himself to direct the research instead 
of delegating the task to the staff of his 
laboratory He would probably have prescribed 
autoclave experiments, but whatever his genius 
he would certainly never have had the idea of 
including m his programme dilatometnc ex¬ 
periments between 4 and i,ioo°K, a range much 
greater than occurs m turbine piactice Still 
less would he have dreamed of asking Guillaume 
to investigate the instability of invar, a 
phenomenon of no apparent interest save to 
the specialist in metrology These delicate 
studies, having no seeming connection with 
corrosion fissures, threw light on the results of the 
autoclave experiments and made them fruitful 

In conclusion the author hopes that many 
young workers will come into the laboratories 
of industry, and that there they will find the 
great satisfhction that he has gleaned He hopes 
that their masters, like Fayol, will help, guide 
and encourage their enthusiasm, and will permit 
the full flowering of their individual per¬ 
sonalities. He expresses the wish that their 
efforts will always achieve peaceful ends, in 
mitigating the burdens of mankind and m 
raising the standard* of living. 

P. Chbvenard 
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Applications of the Electronic Theory 
of Organic Reactions 
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Until recently organic chemistry was more of an 
art than an exact science, its practitioners relying 
mainly on in tu itio n and empirical generalisations of 
doubtful validity Only m the last thirty years has 
the study of organic reactions been placed on a 
logical bans, by the development and application of 
modem atomic theory and physicochemical methods 

Ideally chemistry has now been reduced by the 
physicists to problems m pure mathematics, by 
solving the relevant SchrOdmger equations it should 
be possible to predict in detail the course of any 
reaction, however complicated At present, however, 
the solution of such equations is hopelessly imprac¬ 
ticable and the best line open ts the development of 
a qualitative theory, based on very approximate 
quantum mechanical calculations, which will enable 
reactions at least to be interpreted and correlated 

A successful qualitative theory of this kind was first 
devised by A Lapwohth and R Robinson 1 , the so- 
called electronic theory of organic chemistry, id terms 
of the Bohr-Lewis model of the atom This theory 
proved extraordinarily succesdUl apd it has since been 
consolidated and extended by various physico¬ 
chemical and quantum mechanical investigations 1 
It is extremely unlikely that any propoKd reaction 
mechanism can be correct if it u at variance with the 
conclusions of electronic theory m its present form 

To be acceptable, therefore, a. reaction mechanism 
must not only account for the products and kinetics 
of a reaction but it nugt also be electronically 
reasonable From this jBnt of view much of the 
effort that is being spefittoday m the study of oigamc 
reactions is misspent, the results could have been 
predicted out at hand The object here is to indicate 
the kind of guidance that the electronic theory can 
provide and, incidentally, to illustrate some of its 
latest developments Examples have been ch o s en 
deliberately for their technical importance 

DIAZON1UU SALTS AND THKIll EXACTIONS 

Formation — Diaxomum salts are usually p re p ared 
from primary aromatic amines and nitrous sod in 
mod solution, according to the reaction 

RNH* + HNO a + H + -*RN«N + 


Smce it is known that N-mtrosamhne is conv er te d by 
sods into di^xomum salts, and since secondary amines 
under conditions similar to reaction i form mtro- 
samines, it can reasonably be asnuned that die initial 
step in diazotisahon » the formation of a primary 
mtrosamine Given this information, the mechanism 
can be d e duced 

Nitrous and u electronically analogous to a 
carboxylic acid RCOOH ; the formation of a mtro- 
samine from a nitrous acid derivative NOX should 
be analogous to the formation of an amide from the 
corresponding derivative ROOX This analogy 
suggests that the former reaction is also a bunotecular 
amoaoid replacement 

o a + - 

RNH, NO-X-* RNH NO -h H + X 

. (»> 

o a + - 

RNH. RCO-X-+ RNH COR + H + X 

. ( 3 ) 

DmioHmIhwi should therefore involve the free amine 

and not its salt, at all events the ion RNH„ where 
N is covalently saturated, could hardly be involved. 
Reaction a. like reaction 3, should occur more 
readily the more canoooid X • t the stronger the 
acid HX, N.O, (X - NO J and NOCJ or NOBr 
should react more readily than HNO. Also increase 
in aiuonoid activity (basicity) of RNH. will facilitate 
reaction, although this efleet may be masked to some 
extent by the decrease in concentration of free amine 
present in the acid medium Amines of low basicity 
may be diaaotacd only by very strongly catMnmd 
derivatives of nitrous acid And, finally, reaction a 
should occur more easily than reaction 3 since N has 
a greater electron affinity than RC. 

These conclusions are all known to he correct ( 
Kinetic studies 1 have shown that diarotisatim' 
involves the free amine and not its salt and that 
reaction takes place not with free nitrous add. but 
with more catsonoad d eriva ti ves (N^O* NOG1) 
fanned from it in aad media i dgnaotiaations take 
place much frster than reacti on s of amines With 
analogous carboxylic atad derivatives j and ammm 
of very Iqw beakaty «.f..ptcrauude can be d i aa ousc d 
only by the scintidns of nitrous aod in strong mineral 
acids which contain the cation MQ+ (the most 
eationotd derivative praafafr from mows add)* 
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heat of formation of nitrogen is 
abnormally high ; therefore diaxomum cations might 
be expected to lose nitrogen readily, reaction 4 being 
exothermic* 

R-N*N-*R + +N, (4) 

kJ 

Aliphatic salts are in fact unstable, de¬ 

composing at once to give nitrogen and products 
derived from R + . Aromatic diazomum salts are, 
however, mcsomenc and are thus sufficiently 

+ 

stabilised to be isolatable, the cation R-N=N is 
electronically analogous to R-CSGH or R-C^N 


hydrolysis of the more cationoid diasontum salts 
(equation 5 With Y" H, 0 ) certainly takes place 
more easily Diasopicramide is hydrolysed at once 
by ice-cold water 

The Sandmeyer reaction of lev cationoid dia- 
sonium salts is more complicated, these reactions 
are tarry and are specifically catalysed by cuprous 
salts Here tUb ionic mechanism 5 should be lea 
favourable and probably the reaction catalysed by 
Cu + involves a redox cycle with free radical inter¬ 
mediates, as W A Waters 1 has suggested • 

RNJ* + CuQ| ”-*• R -j* N t + Q1Q7 
R + Cuaj-^Ra + CuQ 7 (6) 


Clearly reaction 4 will be inhibited by increase in 
cationoid activity of R , since the same factor will 
make the amine RNH, lea basic, the stability of a 
diaxomum salt should be greater the less basic the 
amine from which it is derived. Aryldiaxovuum salts 
are usually dangerously unstable in the free state, 
but the stability rues with increasing cationoid 
activity The salts derived from weak bases §g 
sulphamlic acid are often quite safe to handle and 
are used in the production of axoic dyes (azo dyes 
formed by coupling inside the fibres of a fabric) 

Thi Sendmryir ttactum —The decomposition 4 of 
diaxomum salts u analogous to the first step in a 
monomolecular aliphatic replacement reaction , for 
example, the solvolysu of tfrt-butyl chloride in 
aqueous alcohol, where the chloride first 10tuxes to 
Bu + and Cl” Analogy suggests that reaction 4 should 
have a bunolecular counterpart, and that this reaction 

-o a 

Y R-Nt-*RY + N, (5) 

should be facilitated by increase in cationoid activity 
of R That is, reaction 5 should occur more readily 
with the more stable diaxomum salts derived from 
the M basic pru n es 

The Sandmeyer reaction of strongly cationoid 
diaxouium salts seems to follow thu mechanism, Y“ 
being a complex anion which breaks down during 
the reaction, 1 g Cudy which acts as a potential 
Source of Cl“. The reactions are clean and give good 
yields and, as H H. Hoooson 4 has shown, several 
other halides (Fed* GoCHt) are as effective catalysts 
as cuprous salts The action of (he catalyst u un¬ 
certain ; pooibly die catalytic effect u due to the 
greater deformabihty of the complex anion which 
fkabtates the approach of die diaxoaium cation 
Iodide, the most deformable hahde ion, reacts with¬ 
out a catalyst Quantitative data are lacking on fhe 
relative rates of reaction, but die reactions are 
cejtaialy smoother with die more cationoid duxomum 
Salft. Itforamr sway of these wifi rjeact with hydro¬ 
chloric add hi a b iehce of a Catalyst, and the 


The specific effect of copper can be ascribed to its 
unique characteristic of having two valency states of 
comparable stability differing by one valency unit 
Thu mechanism provides an attractive explanation 
of the Pschorr reaction, the intermediate aryl 
radical cyclizing Obviously mechanism 6 cannot 
apply in the reactions studied by H H Hodgson, 
where catalytic action is not specifically confined to 
cuprous salts 

Coupling reactions — The diaxomum cation RNf u 
electronically analogous to the nitrile RCN , each 
contains a triple bond between atoms of unlike 
electron affinity In the mtnle N has a greater 
electron affinity than G, m the diaxomum cation 
4-covaient N + has a higher electron affinity than 
3-covalent N Now amonoid reagents can attach the 
G*N bond of mtnles, for instance Gngnard 
reagents or HO A similar attack on a diaxomum 
cation should give an azo-compound 

+ P- 

R-N*N Y^R-N-N-Y (7) 

o 

The most important example of mechanism 7 is the 
coupling reaction with phenols and aromatic amines 
to give azo dyes According to mechanism 7, these 
reactions should involve the free diaxomum cation 
and Y“ in its most amonoid form , that u, phenols 
should couple as phenate ions, and aromatic unmet 
as free bases Thoe conclusions have been confirmed 
by kinetic studies" The rate of reaction should 
increase with increasing cationoid activity of R and 
increasing amonoid activity of Y~. In fact catioooid 
substituents (1/ SO»H, NOt) m R increase, 
amonoid (alkyl, 0 RO, R*N) decrease the rate 
of coupling*, while phenols couple only as free 
phenate ions and not as ethers or lea antonced 
derivatives. 

Equations 6 and 7 represent alternative modes of 
reaction. ? Ffcom a consideratioti of bond energies and 
since bond* between nitrog e n and heterp elements 
are w^ak, it is eyxktit that reaction 7 will be most 
favourable if it leads to the formation of a C-N bond. 
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Thus carboruum and cyanide 10ns alio couple; 
many such product! front acetoacetate derivative! are 
important pigmenti and dyei 

Rtductwn —Diaxomum salts should be reduced 
more readily than nitriles, since the group Nf has a 
much greater electron affinity than GN Such 
reductions do take place quite easily The first 
product is probably an azo compound 

RNt + H+ + U -* R-N-NH (8) 

In mad solution, with a strong reducing agent, this 
11 reduced in turn to a hydrazine , otherwise it 
decomposes to RH and N a Reduction by alcohols 
probably follows mechanism 8, the alcohol acting as 


The rule u especially useful in f more complicated 
systems, to find out whether a given substituent will 
affect a given position For instance, it can be pre¬ 
dicted at once that an a-sufastituent in naphthalene 
will affect the 5 7 positions, a -substituent the 6 8 
positions, sec formula / In fact, a-nitronaphthalene 
substitutes mainly 6 8, p-mtronaphthalene mainly 


H Y 



a source of H“ (HO-<Ji-H) Alcohols are weak 


reducing agents , deamination with alcohol there¬ 
fore gives good yields only with strongly cationoid 
diazamum salts With less cationoid diazomum salts, 
ethers are formed by decomposition (equation 4) and 
combination of the resulting aryl cations with the 
solvent Carbomum 10ns are known to attack the 
oxygen of alcohols rather than a-hydrogen 


AROMATIC SUBSTITUTION 

Aromatic compounds may be substituted by all 
three types of reagent cationoid, amonoid or 
radical, but the cationoid substitutions are the most 
important The interpretation of these reactions 
was the greatest triumph of the classical electronic 
theory , curiously enough it is just this part of the 
classical theory that now requires most modification. 
In the classical treatment, aromatic compounds were 
regarded as tautomeric mixtures of Kekul6-type 
isomers, and the possible electron displacements in 
such isomers were discussed Since aromatic com¬ 
pounds are now known to be mesomenc and not 
tautomeric, the treatment pannot be applied In its 
place, however, we can use a generalisation deduced 
by C A Coulson and H G Lonouet-Hiooini 1 
from quantum mechanical reasoning This may be 
stated as follows 1 In the formula for the aromatic 


(/) (//> 

5 7, the cationoid nitro group deactivating the other 
pair of positions in each instance 

This qualitative treatment does not distinguish 
between the reactivities of equivalent positions 
(starred or unstarred) , it cannot for example predict 
the relative amounts of ortho and para isomers m 
benzene substitution, nor the orientation m substi¬ 
tution of more complicated hydrocarbons These 
problems can be solved by a method due to G W 
Wheland”, which can be illustrated most clearly in 
benzene substitution Wheland pointed out that the 
transition state must approximate to the 1 quinonoid v 
structure II Now the resonance energy of such an 
ion can be calculated, and should be a measure of 
the internal energy of the transition state for substi¬ 
tution Therefore if the effect of substituents on this 
energy is calculated, the relative stabilities of the 
ponible transition states for reaction of a substituted 
benzene can be deduced, and so the relative yields of 
various isomers predicted Wheland showed that 
the usual rules for orientation in benzene could be 
derived in this way, and also the fact that naphtha¬ 
lene substitutes mainly a Recently the author has 
extended this treatment further and deduced the 
following rules for predicting ortho *para ratios in 
the substitution of a benzene derivative C«H|X 

1 If X is an inductive substituent, or an amonoid 


structure, star alternate atoms so that no two starred 
and no two unstarred atoms are bonded This is 
always pouible unless odd-numbered rings are 
present, asinazulene Then an amonoid (cationoid) 
substituent on a starred (unstirred) atom increases 
the amonoid (cationoid) activity of unstarred 
(starred) atoms, but to a first approximation leaves 
the starred (unstarred) atoms unaffected v This leads 
to the same rules for general orientation as the clamcal 
theory Thus amonoid substituents increase the 
ortho 'para amonoid activity and are ortho para 
directing, while cationoid substituents decrease the 
ortho < potra anionoid activity and are misdirecting 


electromenc substituent, the ortho para ratio falls 
with increasing electron affinity of X and is gener¬ 
ally < 1 Thu u found to be so m the 
senes X = GH„ CH.CJ, CHC 1 * CQ,, and 
X-I,Br,a, F 

1 If X u « cationoid electromenc substituent, the 
ortho para ratio rues with increasing electron 
affinity of X and u always x. Thu u seen in the 
series R EtOOC, HOOC, NO. 

By applying these rules and avuming that the effec t 
of substituents is additive, orientation in pofysubsti- 
tuted benzenes can be predicted 
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Thi Frudd-Grqfk nac tu m Thu reaction u a 
cationoid aromatic substitution by alkyl or acyl 
cations, the latter being formed from the corre¬ 
sponding halides by the action of aluminium halide 

R —X V A1X,-*R+ A1X7 

R+ + ArH -*■ ArR + H+ 

Thu mechanism has been established by two lines of 
evidence First, conductivity 10 and dipole measure¬ 
ments 11 show that the organic halide and aluminium 
halide combine to give a saline intermediate , and 
secondly, use of radioactive indicators establishes 
that during reaction complete exchange of halogrn 
takes place , this can only be explained if th< 
symmetrical anion AIX7 is formed as an inter¬ 
mediate The reaction usually follows the standard 
orientation rules for cationoid substitution and like¬ 
wise u facilitated by amonoid substituents m the 
aromatic nucleus Cationoid substituents retard the 
reaction, as theory would predict, nitrobenzene fails 
to react Similar substitution reactions are given by 
alkyl cations prepared in other ways , from olefins and 
acids (HaSOfe HF), C=C 4- H+ -> CH-C+, or by 
Si ionization* of oxomum salts, formed from alcohols 
with strong acids or BF, 

The most interesting reactions of this type are the 
alkylations of alkylbenzenes, since the orientation is 
normally mta and not ortho-para Thus methylation 
of toluene gives m-xylrne as the mam C a hydro¬ 
carbon The explanation u that these rcac tions are 
reversible, therefore an equilibrium mixture of 
products is obtained, the composition of which u 
determined by the relative thermodynamic stabilities 
of the isomers, not by their rates of formation 
Independent measurements show that m-xylene is in 
fact the most stable dimethylbenzenc Fnedel-CrafU 
acylation reactions give * normal 1 products, since the 
latter are ketones and are removed from the system 
by coordination with aluminium halide The re¬ 
actions are not reversible Another important 
example of * abnormal 1 orientation due to reversi¬ 
bility is the p-sulphonation of naphthalene at high 
temperatures , apparently the a-isomer is the less 
‘'Stable, but predominates at low temperatures when 
die sulphonation is effectively irrevers i ble At high 
temperatures the reverse reaction (hydrolysis of the 
■ulphonic acid) becomes appreciable and the more 
stable p-isomer is obtained, 

MOLECULAR REARRANGEMENTS 

A molecular rearrangement* a a reaction in which 
a group migrates from one point in a given molecule 
to another. In a true rearrangement the proeea is 
intramolecular, the migrating group never being 
cotilpfetdy detached from the parent molecule Until 


recently the mechanism of these reactions remained 
obacure since it was difficult to see any way in which 
the migrating group could be held during migration , 
and the evidence often seemed conclusive that the 
groups were firmly held throughout The explana¬ 
tion of these reactions is interesting since it could not 
possibly have been anticipated on classical grounds 

According to the quantum mechanical treatment, 
the C=>C double bond m ethylene differs qualita¬ 
tively from the C-C single bond in ethane The 
double bond is a combination of a normal tmgle (dr) 
bond with a 71-bond , m the latter the electron density 
is concentrated in streamers above and below the 
line joining the nuclei and not, as m a o-bond, along 
that line, Figpri 1 Now the electron distribution in 
the 7 i-orbital is very similar to that m an atomic 
^-orbital, for instance the distribution of one of the 
unshared electrons of oxygen , and apparently there 
is no theoretical reason why the 71-electrons should 
not, like ^-electrons, be used to form dative bonds 
The most direct evidence that such molecular bonds 
can be formed is the existence of coordination com¬ 
pounds of olefins m which the olefin acts as a single 
donor centre , for instance with silver salts the 

C Me.C Me.C Me.O 

|-*Ag+ | J-*Me+ | 

C CH.+ CH, CH.Mc 

(///) m m (.vi) 

complex cation III is formed In this «-complex, 
silver will be attached more or less symmetrically to 
the C—C bond, and not to either of the carbon atoms, 
hence the term molecular bond 


Now the large group of carbomum ion rearrange¬ 
ments 11 can at once be explained in terms of n-complex 
intermediates Conatdei for instance the neopentyl 
cation IV Thu cation is isomeric with the 71-complex 


V , the cation can uomenxe to V by migration of 
methyl from carbon to the adjacent bond, and then 
by further migration the tot-amyl cation VI can be 
formed The 71-complex provides the necessary inter¬ 
mediate for migration 



without detachment 
of the migrating 
group 



Figmt 1 D utn kw twi rf * 
Mfem1 a lb C-C bmd 


Thu idea can be 
applied more strik¬ 
ingly to aromatic 
systems. According 
to quantum theory, 
the atoms in an arom¬ 
atic ring are linked 
by single (tr) bonds, 
and by n»bonds 
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formed by completely delocalized ^-electrons, the 
electrons m these x-bonds occupy orbitals, each of 
which coven the whole aromatic system For 
instance in benseae the x-orbitals form rings of 

electron density above 
and below the nng 
of nuclei, Ftgttrt 2 
Now an acceptor 
atom or group should 
IP* be able to attach itself 
to these rings of 
electron density and 
then be relatively free 
to move round them, 
Figm * Dutnbtam qf the n-electrons pro- 
«•**** mimvm 

electronic tramway by which groups can migrate 
round the nng, being firmly held all the time by 
coordinate bonds It 11 impossible m the space 
available here to ductus this theory more ftilly , it 
does enable one to explain m a most satisfactorily 
comprehensive way the whole range of known 
molecular rearrangements In particular it provides 
a simple interpretation of the most complex and 
technically important of them, the benzidine re¬ 
arrangement, predicting correctly which of the 
various possible products will be formed in any 
given instance 


of reactions 9 above if a carbomum ion rearrange¬ 
ment of the intermediate octyl cation precedes its 
attack on usbutane However, together with them 
reasonable products a surprising mixture of hydr o- 
carbons u obtained, containing uomenc p entan es, 
hexanes, heptanes, octanes and non a ne s and un¬ 
identified higher hydrocarbons These can only be 
formed by dumutation and transalkylation reactions, 
analogous to t hose which occur m the aluminium 
chloride-catalysed cracking of hydrocarbons Most 
of the workers in the field are engaged in trying to 
find out what these reactions are and their mechan¬ 
isms, but pr ogr e ss has been slow 

It seems possible on purely electronic grounds to 
make certain predictions which will greatly facilitate 
this work, if it u asnixned that the intermediates are 
carbomum 10ns The posable reactions of such ions 
m a system containing paraffins and olefins seem 
to be limited to the following . 

OR C C 4 * 



c c 

|-> R+ + x- ** I + RX. m ( 5 / or *) 

C C (n) 

c c c c 

|-> R+ + I V* I + R+ «-| . (la) 

C G C G 


ALUMINIUM OHLOaiD* CATALYSIS ife 
PETROLEUM TXOHNOtOOY 

One of the tec hnic a l ly most important fields m which 
the x-complex theory should prove useful u the 
chemutry of various catalysed reactions of hydro¬ 
carbons In the presence of aluminium chloride, 
sulphuric acid etc paraffin hydrocarbons can undergo 
the most extraordinary contortions It now seems 
fiurly clear that alkyl cations are the reactive 
intermediates, and reasonable mechanisms have been 
devised for some of foe ‘simpler reactions , for 
instance the alkylation of utbutane by isobutene m 
presence of sulphuric acid . 

Me.G-CH, + H+-» Me.C* 

Me t C+ + Me.C-CH,-* Me,G-CH<-CMe* 

+ 

Me t C-CHg-CMe, 4 - Meg CH 
-* Me, CH CH, GMe. + Me $ C+ (9) 

This mechanism, on electronic grounds, must be 
correct, but it is by no means generally accepted 
Unfortunately pobutenc is the only olefin which 
reacts m so simple and dear cut a manner. The 
reactions 11 with 1- and a-butenes give, it n true, 
octanes as the main products , and the predominant 
o ct a n e isomerp formed can be interpreted in terms 


R+ + RTi a* RH + (R 0 + (13) 

Reaction 10 is a normal carbomum ion rearrange¬ 
ment Reactions of this kind can enable any 
carbomum ion to come into equilibrium with aU its 
isomers, naturally the most stable 10ns, tnalkyl- 
carbomum, will predominate Reaction 11 is a 
dumutation by which carbon chains can be broken 
at any point, it also provides a molecule of olefin 
which can be converted to a carbomum ion by foe 
catalyst The reverse reaction provides a mfrhanum 
fin* polymerization Reaction istss transalkylation, 
and reaction 13 enables unreactive paraffins to be 
brought into a reactive state. Therefore only a small 
amount of olefin is necessary to provide the initial 
carbomum ions , more can be formed during the 
reaction by mechanism 11, and the activity can 
always be transferred through the system by 
reaction 13. The reactions are really ionic chain 
reactions and a small amount of chain earner 
(cation) yrill suffice Moreover the heats of reactions 
10-13 *** probably quite small and so too w aU 
probability are their activation energies The extra¬ 
ordinary speed with which ahmmtiqm chloride 
Momenzcs hydrocarbons at low temperatures tan 
th er efo r e easily be explained { the reactions are 
theoretically sufficient to tfqriain the co nvtr sioti of 
any aliphatic hy dr oc ar bon utd any other. 
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For lack of data it is tmpoibfo to apply these 
pnwaptos in detail Three general points may be 
made. Fust, it is easy to explam the tendency for 
paraffins to crack into branched C 4 units A car- 
bomum ion will lsomenze rapidly to an ion 
since tertiary ions are the most stable Fission by 
reaction 11 will then reduce one side-chain to methyl, 

R,Q R.C 

R.GH, CRt “► !-►»+-> | + R+ 

CH. CH, . (14) 

followed by reaction with the catalyst, a proton 
source */ A 1 X, + HX Hydrogen halides are 
necenary as promoters in aluminium halide 
catalysis 14 + + 

R,C—CH, H-**R,CMe (15) 

The other side chains then split likewise Secondly, 
the reactions 

C-C + HX f* C-CH + X- (16) 

are likely to be rapid Since there is no reason why 
the hydrogen removed by X - should be the same one 
that originally attacked the double bond, reaction 16 
should lead to a rapid equilibration of hydrogen 
between hydrocarbons, and between them and the 
catalyst These conclusions have been confirmed by 
experiments with deuterium compounds 14 Thirdly, 
in interpreting actual reactions m terms of the scheme 
suggested here, it should be rememb er ed that re¬ 


actions 10, 10 and 13 will tend to convert less stable 
cations into more stable ones, and that fission of 
ic-complexes by mechanism 11 will occur less readily 
the more amdhoid the resulting olefin or the less 
amonotd R 
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Fluidization of Masses of Particles 

R H WILHELM, Ch E, PhD 
Department of Chemical Engineering, Princeton University, New Jersey 


Whin an upward stream of gari or liquid is passed 
through a supported and laterally confined mass of 
solid particles reproducible changes m physical 
behaviour are observed which go through succcwve 
stages as the fluid velocity a increased The present 
discussion u focused particularly upon one stage in 
which the mass ts continuously agitated by the ruing 
fluid to fora a bed of moving} interacting particles 
Such a bed is bounded^ by a free upper surface or 
aoue of discontinuity that is subject to wave motion 
Under certain circumstances part of the rising fluid 
may pus* through the bed in the fora of pockets or 
bubtyo* The nqpcfaded mass is mobile, it yields 
to an external force and may be caused tp flow 
timugh pipes and valves by means of gravity head 
A dilute s uspend *) or 1 phase * o£ particles may be 


formed above the dense 1 phase * of which the bed 11 
composed and ‘vaporization* or ‘condensation* 
may take place between the phases These examples 
of behaviour suffice to illustrate the resemblance 
between non-homogeneous suspensions such as these 
and true liquids and gases The analogy, which 
was recognised by G Martin in 1926*, has tod to 
the common use of the word ‘ fluidization 1 in 
describing dynamic particulate systems. Although 
fluidization hat long been studied and applied In 
pneumatic transport of materials and lb mineral 
dressing, greatest stimulation of interest has occurred 
within the last decade because of the succesdul use of 
flun fecd odatysts » Cracking petroleum. The 
literature of flmdinenon has been expanded con* 
pdenl^y within the tost,three or four years with 
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emphasis placed upon design aspects and initial 
consideration of mechanisms A nuyor symposium 
on the subject ' Dynamics of Fluid/Sohd Systems 1 
was held m December 1948* A tentative list of 
terms and definitions used to dexnbe the more 
important stages of behaviour in ftuid/soOd systems 
has been proposed* 

PRESSURE QRADIKNT/bED EXPANSION/FLUID 
VELOCITY RELATIONSHIPS 

The pressure gradient and extent of expansion of a 
mass of particles depend upon the velocity of the 
fluid through the mass These variables of state for 
particulate systems may be considered the counter¬ 
parts of pressure, volume and temperature for true 
fluids Inter-relationships between the fluidizing 
variables may best be illustrated by means of non- 
circulating bed behaviour When sol^d material is 
circulated through the bed, as in certain industrial 
processes, the solid rate introduces an additional 
degree of fr e ed om However, both circulating and 
non-circulating modes of operation deserve discussion 

Jfim-ctTculatmg jbtuh&d bed —A simple apparatus 
for measuring pressure gradient, bed expansion and 
fluid velocity properties is illustrated in Figure 1 It 
consists of a glass tube provided with a metal screen 
to support the bed of 
particles An experiment u 
performed by causing a 
metered stream of gas or 
liquid to flow upwardly 
through the bed, fluid pressure 
drop being measured by means 
of appropriate manometers 
The extent of bed expansion 
is obtained simultaneously 
through measurement at the 
vertical position pf the upper 
interface of the bed When 
this measurement is experi¬ 
mentally difficult lo obtain 
the effective height of bed 
may be determined through 
static pressure measurements 
at different hc^ht positions 
of the bed of particles An 
extrapolation of these pret- 
sure/position measurements 
to the static pressure existing 
djrecdy above the bed leads 
to the determination of the 
effective bed height 

Typical relationships be¬ 
tween the three variables of 
hiterest are given for a bed of 


uniform particles m Figurt 9 In Pigure 11 the 
logarithm of the premure gradient, AP/L „ based 
upon total mast at solids (or initial height is 
related to the logarithm of the average li n ear 
fluid velocity based upon the empty tube area* 
Ftgurt 9b shows the simultaneous variation of the 
logarithms of the fraction void c with the logarithm 
of the velocity The fraction void is defined as 
(V — V t )/V, where V is the total volume of the 
bed and V t the volume of the solid particles 
Values of « may vary between zero and unity 
as ultimate,, limits The stages of behaviour 
represented m Figurt 9 include a fixed bed at low 
velocities, a transition velocity and a fluidized bed 
at higher velocities The fixed bed regime exists 
from A to C A strong variation of premure gradient 
with velocity is noted, but the fraction void is 
substantially constant Condition C marks the 
transition At velocities higher than C the bed is 
fluidized and a large bed expansion takes place at 
constant pressure gradient The transition at C 
between fixed and fluidized beds at a definite 
velocity is, in a sense, analogous to a phase transition 
from solid to fluid phase at a definite tempera¬ 
ture 

A fixed bed is simply a body of solid particles 
supported by direct contact with each other and 
the retaining walls The premure gradient m fixed 
beds has been much studied and vanes exponentially 
with velocity, as is evident from the hneanty of AB 
in Figure at Deviation from lineanty from 0 to C is 
characteristic of movement and readjustment of the 
particles in the bed to offer the largest possible free 
crou sectional area to flow The extent of the adjust¬ 
ments depends upon the degree of initial consolidation 
of the bed and may be quite large for powdered 
materials 

Fixed bed behaviour terminates at the fluidizing 
velocity C At this point the bed begins to become 
mobile and colonies of particles remain continuously 
m motion Initially only part of the bed may be 
fluidized, the proportion of the bed in motion 
increasing rapidly as velocity is increased A slight 
drop in pressure as from C to 0 frequently takes 
place as the bed becom e s dynamic The non- 
reproducibihty of this prdmure dip s ug ge s ts that 
static friction is being overcome At the fluidizing 
point, within, ordinary experimental precision, a 
balance is achieved between the fluid friction premure 
drop and the net weight of the bed, which » the 
fraction of solids m the bed multiplied by the density 
difference between solid and fluid. However if the 
ratto of bed length to diameter is huge, then forces 
acting upon the tube walls also enter significantly 
into die force equation. 

160 


-— Ffutd 

Out 



Figure 1 Appar atus 
fyrfluuhgjt&cu status 





ft. H, WILHELM ; Fluidization of Masses of Particles 


Restank 3-4 



Figaro 9 Typical nlatmshpi far Jhndtud bads consutvu of inform, 
offlomtroh*/ partuUs a prtssan gradual!ftud vtlocity 0 fraction ootdjfiud 


Bed expansion during fluidization as from 0 to E 
has been found by several investigators to be approxi¬ 
mately linear on a double logarithmic plot of « 
versus u t as shown in Figure *b lhe empirical 
expansion relation is thus exponential in form For 
example, R H Wilhelm and M Kwauk 4 found 
this relationship to hold for fluidization m water of 
sand, glass brads, lead shot and Soccny catalyst beads 
over a parade size range from 0011 to 021 in 
(0 28 to 5 33 mm) duun With these rdaUvely 
coarse parades it was found that the limit of expansion 
at e — 1 occurred at the terminal velocity of fall of 
the individual parades Terminal conditions are 
shown in Figure 2 by the dosed point at £ W K 
Lewd, E R Gilliland and W C Bauer 4 found a 
similar exponential expansion for glass spheres 
fluidized in air Particle sizes were from 00016 to 
00061 in (041 to 016 mm) diam Experiments 
were terminated considerably short of the free fall 
velocity because of the high degree of turbulence and 
• boiling * which is characteristic of sohd/gas systems 
at high gas velocities. Nevertheless for coarse 
parades the «/u, data were extrapolated satisfactorily 
to the individual terminal velocity However, for 
the very small parades the curve was extrapolated 
to a velocity several Umes the predicted value, 
suggesting particle aggfomcraUon 


maintained Reactant gas is 
blown through the bed and 
catalyst solids are withdrawn 
from and recycled to the bed. 
Catalysts are selected non- 
uniform in particle size in 
order to favour the quality 
of fluidization and generally 
are encountered in tfie size 
range from about 10 to 100 p 
Parade entrainment is an 
important operating con¬ 
sideration in these reactors 
As gas velocity through the 
bed is increased the solid concentraUon in the disperse 
phase increases while that of the dense phase decreases 
Ultimately, entrainment is total and a single disperse 
phase 11 obtained It is interesting that the velocity 
at which this occurs is substantially above that 
predictable from Stokes' law for individual parades , 
this again suggests that small parades tend to 
agglomerate during fluidization 

Lewis, Gilliland and Bauer have measured fluid 
bed demiUes m a circulating system at different 
solid and gas rates The test section of their equip¬ 
ment consisted of 10 ft (3 m) of lj in (32 cm) 
internal diameter brass tubing Glass beads were 
introduced m the bottom of the secUon together 
with the fluidizing air A cydone separator at the 
top permitted return of entrained disperse phase tb 
a solid feed standpipe Figure 3 shows curves for 
glass beads o 0016 (o 41 mm) duun The fraction 
void b (inverse of brd density) is related to the 
solid feed rate at three gas flow rates Unstable 
operaUon was encountered at certain combinations 
of the prime feed rates and the limits of stable 
operaUon are indicated In general, the fraction 
void was inversely proportional to the solid feed 
rate at a given gas velocity and increased with 


Especially in systems fluufezed by gases there is a 
tendency for parades to escape from the fluidized 
bed and to form a dilute suspension of parades above 
the bed Thu u particularly true for beds of non- 
uniform parade sizes M L*va* has reported on 
the dutnaUon of fine particles from such mixed 
sues. He found that an equilibrium exists between 
the concentration of fine parades in dilute and 
dense phases, the ratio being expressible by a 
modification of Henry's law for gas/hquid equilibria 

Ctrmktmgjhndi&d M — Circulating fluidized beds 
are used industrially m catalytic cracking units and 
m reacton In this method of operating a 

constant level cf tjtense phase fluidized catalyst b 
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increasing fluid velocity for a given feed rate. The 
beds were highly dilute co m pared with those obtained 
in non-circulating operation or those achieved in 
industrial practice. 

Recent studies of a circulating* system by S 
Valemtw* t m the author's laboratory dealt with 
the behaviour of large particles in an air stream. 
An interesting relationship between pneumatic 
transport and fluid bed formation was observed 
Essentials of the apparatus are illustrated in Figure 4 
A 4 m (lOflcm) glass tube was fitted with side 
ports to permit introduction of a stream of partides 
and of air. Particles left the system either through 
an overhead bend in the pipe or by moving down- 
ward* accumulating in the collection leg 3 Slide 
valves were provided to measure particle population 
in sections I or 2 in order to compute the fraction 
void- Clay spheres, three sizes within the range 
o 94 to o 36 in (61 to 9*a mm) diam, were used 
Interdependencies of traction void, pressure drop 
and gas velocity at a tingle solid feed rate are 
illustrated m Figure 5 Parametric curves for 
operation at other solid feed rates have been omitted 
Fractions void varied between o 94 and o 995 and 
gas velocity varied between o and 90 ft/sec (o and 
fl7*4 m/sec). 
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At highest air velocities A all particles were 
transported upward and out of the equipment 
Particle population m section I was sparse and did 
not vary greatly with fluid velocity changes Pressure 

drop through the sec- 
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tion was primarily 
that due to fluid fric¬ 
tion in the empty pipe 
There was co-current 
flow of gas and 
particles As air velo¬ 
city was decreased to 
condition 0 an in¬ 
crease in particle 
population took place 
in section /, solid and 
air continuing to flow 
through the section 
At one point the 
particles were seen 
visibly to collect and 
fell abruptly as an 
accumulated group 
nom upper tocuoa 1 
of the apparatus to 
lower section 2. 
Thereafter, at lower 
velocities than this 
critical value, 


Figure 5 * fraction m td/got velocity and 

b pressure gradient/gas velocity variations 
during changes from parade transport to 
Jbathiod bid formation Operation at 
conjtant solid feed rate 


the movement of particles was downward in 
countercurrent flow to the air A relatively high 
particle density was immediately formed in section 2, 
Figure 4, at condition C in Figure 5 Bubble formation 
and an upper interface were visible m the resulting 
bed of particles The critical zone is so labelled 
because m changing from co-current to counter- 
current flow, events occurred more rapidly than 
could be measured readily The events take place 
under conditions of rapid acceptation A minimum 
in bed vmdage (or mavirruim m density) was 
measured at D, at a velocity less than the suspending 
velocity for individual particles. As velocity was 
decreased further towards E the bed through which 
the descending stream of partides was now pairing 
decreased markedly u particle content as shown 
by the ruing fraction void curve The entire 
sequence of events was reversible. Stage D for 
different solid flow rates 'and particle rises was 
shown to have identical espaiwam 1 prapertka 
compiled'With Mfe4taMo| tiadimd bod* at 
the type fllm tftcd jn Fl^n ik That da the beak 
at (tttnttm and yaithillw oompdneoo » 


16ft 



k< h» wxlAiih : Fluidization of Muses of Particles. 


Rtsttrch 3^4 


fluidized bed was formed as a transition state between 
co-current upward pneumatic transport and counter¬ 
current downward foil of particles 


QUALITY Or FLUIDIZATION 

The quality of fluidization is important The 
uniformity of temperature, concentration and 
partick/fluid contact m chemical reactors, for 
sample, depends upon it Improper fluidization, 
on the other hand, may cause severe difficulties in 
reactor operation such as intense vibration of the 
entire structure due to exceoive boiling and slugging 
action m which tons of material arc tossed about 


Extrms qf qualify —Extremes of quality have 
been observed and described by R H Wilhelm 
and M Kwauk 4 The most uniform type of 
behaviour has been named particulate fluidization 
and a most commonly associated with fluidization 
by means of a liquid It it characterized by a 
progressive separation of the particles in a bed as 
fluid velocity is increased Individual particles 
move about with random motion and although 
there may be some circulation of masses of particles 
through die bed motion is primarily associated with 
the turbulent actions of individual particles In a 
bed of uniform particles dispersal is rather uniform 
throughout the suspending fluid A sharp upper 
interface is observed between the fluidized bed and 
clear fluid above it As fluid velocity is increased 
the bed structure is found to expand uniformly and 
an equable distribution of suspending fluid occurs 
throughout the bod crocs section An upper 
equilibrium velocity exists at which the bed a vastly 
expanded and particles behave dynamically as 
individuals, unaffected by neighbouring particles 
Thu velocity u the normal terminal or free foil 
velocity 


The other extreme of quality, aggregative 
fluidization* involves a high degree of segregation 
or non-uniformity of dutnbution between particles 
and suspending fluid It u most frequently 
encountered with a gas as the fluidizing medium 
In thu type of fluidization the particles tend to 
remain dose to each other, and whereas some of 
the fluid filters between particles much of it passes 
through the bed in the form of bubbles or pockets 
in the manner of gas bubbles rising through water 
Such pseudo-liquid beds are frequently referred to 
as * baling beds \ Turbulent motion u developed 
in the mass of particles and the apparent scale of 
turbulence appears to be about the size of the 
bubbles An increase m fluid velocity through the 
bed leads to an increase in the intensity of turbulent 
action, In a vessel of given size the scale and 
Intensity may become sufficiently great at lugh fluid 


velocities to require creation of operation because 
of instability The boundary zone at the free upper 
surfkce of a bed in aggregative fluidization generally 
u diffuse, as is the surftce of a boiling liquid. A 
1 disperse phase * may appear above the more dense 
fluidized bed In a sense, the bubbles or regions of 
low particle density may also be thought of as 
*disperse phase \ 

When bubbles collect and increase in size until 
they are as Urge as the containing venel an 
undesirable condition known as slug flow occurs 
Solid material is trapped between succeeding pockets 
of fluids and upward motion is in a piston-like 
manner Simultaneously the underside of each sldg 
of solids may crumble and foil through the pocket 
below it i 

R D Moms' suggested a quality scale based 
upon particulate and aggregative fluidization as 
extremci, intermediate qualities to vary with the 
extent of point differences in particle concentrations 
and in suspending fluid velocities For example, 
a bed m which fluid bubbles remain small and well 
distributed and m which a steady, smooth boiling 
action takes place may be considered intermediate 
m quality In a catalytic reactor such a bed may be 
optimum between the requirements of uniform 
chemical contacting between fluid and solid, and of 
turbulent mixing to control temperature. 

Thtoty and cnUna —Two complementary con¬ 
tributions by M Mourn and G L Matheson, 
W A Hkrbst and P A Holt* have provided 
the most satisfactory theory and entena for the 
quality of fluidization presented to date A balance 
is postulated between / the segregation tendency or 
rate of separation of fluid from particles to form 
bubbles or pockets, and a the remixing tendency, or 
rate of gravity flow of particles into the pockets. 
Aggregative fluidization results from 4 high segre¬ 
gation rate of a free flowing material and particulate 
fluidization, from a low segregation rate and similar 
material A material *with low fluidity causes poor 
fluidization Colonies of inactivity tend to form 
through flocculation of particles and m the limit a 
non-active bed is famed with fluid, coursing through 
channels, as described by J D Parent, N Yagol 
and G S. Steiner 1 * 

The s eg r ega tion tend en cy was treated by Mone 
u a fluid flow problem by applying the Carman- 
Kozeny equation 1 * for flow through fixed packed 
beds to adjacent zones in a fluidized bed. The 
resulting equation indicated that s egregation is self 
accelerating and is greater in deeper beds Segre¬ 
gation a favoured also by large particle size add 
density, by luge" dif fer ences in density between 
particle and' fluid and by maH fluid visamty 
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These theoretical predictions are in accordance 
with the experimental findings Gas/solid systems 
with large density differences fluidize predominantly 
m the aggregative manner and smaller particle 
uses lead to a smoother quality of fluidization 
although modified bubbling almost always persists 
Liquid/fiuxhzed beds, which possess high fluid 
viscosity and lower density differences, commonly 
have low segregation rates characteristic of par¬ 
ticulate fluidization However, with large, heavy 
particles, such as o 11 in (a 8 mm) lead shot, it is 
possible to achieve a high segregation rate with 
clearly formed water bubbles rising through the bed 
to burst at the surface m a splash of lead shot 

Matheson, Her bat and Holt measured relative 
viscosities of cracking catalysts, sand and metal 
oxides in a Stermer rotating viscosimeter (luidmng 
air was provided during viscosity measurements It 
was found Tor narrow size cuts that viscosity decreased 
with particle size and possibly reached a minimum 
value because of particle flocculation below about 
35 /* Spherical particles were more viscous than 
irregular particles Higher density of particle 
served to increase viscosity Proper particle size 
distribution has long been used to control quality 
of fluidization The authors demonstrated the strong 
effect of adding fine particles to a coarse cut in order 
to reduce the viscosity of the latter After a critical 
amount of fine material, thirty per cent, had been 
added, succeeding amounts were found to have 
small additional effect, particle interlocking pre¬ 
sumably having been overcome The amount of 
gas a catalyst might hold between settled and 
expanded conditions in a fixed bed was found to 
affect the quality of fluidization favourably and the 
Stormer viscosity m an inverse manner Bed 
expansions as high as fifty per cent were reported 
Viscosity was theoretically found to be a function of 
the volume within which a particle can move freely 
m the more dense parti of a fluK^xed bed 

DATA AND CORRELATIONS 

Data — The qu^Mtiative experimental literature in 
fluidization is a ^restively small body of knowledge 
The subjects reported upon have been fluid flow, 
heat transfer, mixing, partide/fluid mass transfer, 
particle transport and chemical kinetics in fluidized 
reactors Th e qualitative literature describing 
applications of fluidization in industrial processes is 
more extensive and will not be discussed 

Papers by three groups of investigators have 
recorded sufficiently complete laboratory fluidization 
data to be suitable for fluid flow analyses R* H 
Wilhelm and M Kwaux studied the fluidization 
characteristics of sand, glass beads, lead shot, 
crushed sfono and Saco# catalyst beads in water 


V- t 

and air Partible size range was from ootMo 
o fli m (o a8 to 5*3 mm) M Leva, M Grpumu, 
M Weintraub and M Pollghik and H H. 
Storcs 11 " 1 ’ fluidized and measured the prop er ties 
of o 015 to 0 ooao in (0 38 to o 03 mm) sand, 390 to 
325 mesh iron Flscher-Tropsch catalyst and anthracite 
coal in air, carbon dioxide and helium W K 
Lawn, E-R Gilliland and W C Bauer* per¬ 
formed batch and circulating bed fluidization as 
well as hindered settling experiments Glass spheres, 
air and water were the materials used Particle sizes 
were between o 092 and o 0016 m (5 64 to 0 41 mm) 
diam 

Turbulent mixing is important in achieving 
uniform bed temperatures It 11 related also 
to the mechanisms of heat transfer m fluidized 
beds E R Gilliland and E A Mason 14 made 
exploratory measurements, with fluidized cracking 
catalyst in air, of the extent of mixing in the gas 
phase and among the particles A rough value 
for the gaseous eddy diffusion coefficient was 
determined through a helium injection technique 
The mixing of solids was determined indirectly 
by means of a divided heat transfer apparatus and 
was found to be sufficiently great to give essentially 
constant temperature throughout the apparatus 
R J McCarter, L F Stutzuan and H A Koch 14 
presented a theory and preliminary results of eddy 
diffusion measurements involving the introduction 
of a point source of heat into a fluidized bed Heat 
flow results from container wall to fluidized beds of 
sand and Fischer-Tropich iron catalyst in the size 
range of 100 to 400 mesh were reported by M Leva, 
M Weintraub and M Grimmer 14 H S Migkley 
and C A Trilling 17 measured heat transfer rates 
in circulating fluidized beds using external and 
internal heat sources Glass beads from 0002 to 
o 02 in (o 05 to o 5 mm) diam and air were employed 
Transfer coefficients were found to be from three to 
seventy times greater than would be predicted if no 
particles had been prerent 

Mass transfer from the particle to the fluid is a 
component mechanism in catalytic proceoes and 
m leaching or adsorption operations Mass transfer 
was studied by W Restock and R R White 14 by 
means of the vaporization of naphthalene particles 
fluidized in air Similar experiments in the liquid 
phase were reported by L K MoCune and R H 
Wilhelm 1 • who measured flic rate of dissolution of 
fluidized 9 -naphthol spheres and flakb and also 
studied fixed bed and /ingle particle rates 

The pneumatic transportation of solids, in which a 
disperse phase is formed, has been practiced for a 
long time Recent prweure drop studies in vertical 
and horizontal transport of solids indude those of 1 
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O H Hariu and M C Molstad** and of L 
Farm** 1 Countercurrent spray type contacton have 
been analysed by J C Elgin and H C Foust 11 as 
fluidized systems By this means contactor pressure 
drop characteristics are capable of estimation within 
satisfactory limits based upon independent batch 
fluidization measurements with solid particles 
Reaction rate studies in fluidized systems have 
been the subject of two publications Gasification 
of carbon by carbon dioxide was reported upon by 
W K Lewis, E R Gilliland and G T McBride* 1 
The same authors with W A Reed* 4 measured and 
analysed the rate of the reaction of methane with 
copper oxide 

Correlations — Correlations of data are useful 


appropriate term in the square of the velocity When 
applied to fluidized beds very satisfactory agreement 
with data resulted A criterion for quality also was 
proposed as viscosity times superficial velocity In 
the helds of sedimentation and mineral dressing, 
fraction void has been treated in the form of H 
Lewis, Gilliland and Bauer found that s 4 44 as a 
component of the friction factor provides close 
correlation for data from air and water supported 
fluidizations A theoretical study of the fluidized 
state from the standpoint of statistical mechanics has 
been reported by J Bowman** and promises to be 
a nuyor advance in the field Thu theory u closely 
allied to the classical theory for the kinetics of non¬ 
ideal fluids and relates the important variables of 
fluidi 7 ation 


because they permit close assembly of quantities of 
diverse information , with proper precautions they 
permit interpolation and extension of results They 
may also contribute to the interpretations of 
' behaviour Correlations of the flow properties 
of fluidized beds have received particular attention 
The general procedure has been to relate pressure 
gradient, fluid velocity and fraction void by means 
of dimensionless groups embodying these variables 
Various alternate forms of friction factor / and 
Reynolds* number R t or products of these groups, 
have been employed A major distinction between 
procedures u the manner in which the fraction 
void u treated For example, R H WuiittM and 
M Kwaux employed //?,* and R § as prime variables 
for correlating data and introduced fraction void os 
plotted parametric curves The Carman-Kozeny 
equation for flow through packed beds has served 
as the basis of alternate correlations Thu equation 
u based upon the assumption that a granular bed 
u the equivalent to parallel channels The resulting 
friction factor includes within it the effect of fraction 
void expressed by the ratio *•/(* — #) Morse and 
Lewis, Gilliland and Bauer used the Carman-Kozcny 
friction factor successfully Deviations from the 
correlation were interpreted by the first author in 
terms of fluidization quality 
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Automatic control systems have a common basic 
theory regardless of the physical quantity under 
control, thus the problem of controlling the position 
or s p ee d of a mass is closely related to that of con¬ 
trolling the flow of liquid m a pipe The term servo- 
xnechaxtum is generally applied to a special class of 
automatic control system in which the motion of a 
mass (the load) is controlled by a lightly loaded 
input shaft or voltage* and which is actuated by a 
signal depending upon the difference (the error) 
between actual and desired behaviours, or* more 
generally* upon a function of this error* its time 
derivatives and/or integrals 

The increasing complexity of modem machines 
pro ces s e s has resulted m the replacement of 
mmnnn\ by automatic operation in many systems 
where man's speed of response or his physical 
characteristics are no longer adequate In these 
systems servomechanisms are playing an increasingly 
important part. The mam purpeae of this paper is 
to consider briefly some of the basic applications of 
servo systems with particular emphasa on the 
problems of remote position control and analogue 
computing 

It is not practicable in a short review article to 
include a theoretical background to the subject and 
reference should be made to some oi the authoritative 
texts on the theory and design of servomechanisms 
which have been published 1 - 7 recently 


TYFKS or SBKVOMXCHAZflSUS 

It is convenient to classify servomechanisms according 
to: 

/ operating characteristics eg on/off control, con¬ 
tinuous proportional control, proportional plus 
integral conQgpi etc 

9 d\e physical nature of dements m the system e g. 
hydraulic, electrohydraulic* electrical* electro¬ 
pneumatic etc 

3 Amotion eg the Ainctxm of a servomechanum 
can be described m terms of the nature of the 
input signal and the controlled condition * m this 
co nnec tion A Turns has introduced the terms 
displacement-displacement, displacement-velocity* 
vdocity-vdoaty, etc systans 

Iq addition it a sometimes useful to datingulsh 
between syrtems in which the input signal a always 
constant (them may be called position regulation) * 

• Lstoff the Mihuiy OUhfs of Setae* Shrirafaaa 


systems in which the input signal a a predetermined 
function of time, and those in which the input 
signal a not predetermined Flow diagrams of 
three typical servomechanisms which illustrate these 
points are shown in Figures /* a and 3 


Short 

§, 



Input 
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System A repres en ts a position control apparatus 
m which the position of the load (8 9 ) a maintained 
approximately in correspondence with the position 
of the input shaft ( 6 <) Alternatively the input 
signal may be defined by a direction m space—the 
bearing and angle of elevation of an aircraft with 
respect to a locator system for example—here the 
object of the control system u to point the locator 
at the target automatically Examples are automatic 
tracking radar systems and photoelectric tracking 
systems for positioning the image of a star 00 the slit 
of a spectrometer. Another interesting astronomical 
application arises m connection with the problem of 


Otfurdtnf Torq<x* 
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photo graphing the prominencies and corona of the 
min's atmosphere by the creation of artificial 
echpset 1 It is important to ensure that the image 
of the sun is accurately centred on the eclipsing disk 
to that intense light from the sun's surface does not 
reach the film, photoelectric cells detect any 
departure from normality and the direction m 
which the telescope is pointing is corrected by two 
servo motors actuated by the amplified error signals 

An important feature of the above type of servo¬ 
mechanism is the fhet that the disturbing torques 
acting on the load (non-linear friction, windage #fc) 
can often be neglected and the motion of the input 
shaft can be regarded as the only disturbing uifldence, 
the input signal is generally a function of true time 
which is not predetermined 

System B r ep r esen ts a position regulator where the 
load which it is desired to * stabilize ’ is assumed to 
be part of a vehicle or craft , the problem u to ensure 
that the orientation of the load in space is unaffected 
by the angular motion of the vehicle or traft. An 
automatic aircraft pilot is a typical example of a 
stabilized system m which the roll, pitch, and yaw 
of the aircraft must be compensated The input 
signal u a fixed direction m space m this example 
and the roll, pitch, and yaw of the aircraft constitute 
the major disturbances which the position regulator 
must follow, albeit 180° out of phase, m older to 
stabilise the load A* in the previous example this 
system must also handla disturbances which are 
true functions of time. But the design problem may 
be more severe than the design of a normal position 
control system because the disturbing functions may 
be more complex and more varied It is a mistake 
therefore to assume that regulation (of temperature, 
premise, position ok) Is a more straightforward 
problem than position control in which the input 
signal is continually varying 

System C eta be regarded other as a speed 
regulator, wben^h* input rignal^ is usually a 


constant and the main disturbances arise as a result 
of changes in load or power supply, or alternatively 
as an integrator (1 4 speed control system), when 
the input signal will probably vary but the effect of 
other extraneous disturbances is not so important 

RXMOTX POSITION CONTROL SYITXUS 

It frequently happens in practice that the controlled 
member (the load) is situated remotely with respect 
to the controlling member (the input shaft) If die 
former is a simple pointer or index and die object 
of the control system is merely to provide a remote 
indication of the behaviour of the input shaft, the 
problem is readily solved by utilizing the Magsltp 
indication system 1 , which is esmntiafty a data 
transmission system But if the controlled member 
is a large man we need, m addition, a torque 
amplifier system For example, the direction in 
which an anti-aircraft gun points is often controlled 
by a computing system which is normally housed 
in a control room situated some distance from the 
actual gun mounting Moreover, in the manipulation 
of the controls associated with atomic piles or in the 
associated chemical separation processes, it is 
impracticable to introduce local manual controls ; 
in these instances automatic remote position controls 
provide the only solution 



pot en tiometew, and the Magsltp system—a roughly 
equivalent type u the Sdsyn or Synchro system In' 
most applications the Magsltp (or Spickro) typo 
system is p re fe rred because it satisfies the two 
requirements of accuracy and low power level' 
transnuauon, and in addition several remote loads 
can be controlled from a angle transmitter without' 
appreciable km of accuracy There are two baae 
methods of uaag tha system, llhistrmted m Flgtr* 4 

and$’, J 

* 
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In the hydraulic con¬ 
trol system shown in 
Figure 4 three elements 
arc involved in the data 
transmission The input 
and output shafts each 
drive a Magslxp trans¬ 
mitter and the error 
measuring element (the 
4 Hunter ’), which is actu¬ 
ated by them, can be 
regarded as the electrical 
equivalent of a mechanical differential gear Hie 
error signal appears as an angular rotation of the 
hunter rotor, from a zero position corresponding to 
zero error, and this normally displaces the small pilot 
valve of a hydraulic relay which in turn controls 
the flow of oil to the mam hydraulic amplifier and 
thence to the hydraulic servo motor 



Figure 5 Electrical 
remote position control 
system 


In the electrical servo system shown in Figure* 5, 
only two dements are involved in the error measuring 
process A standard transmitter is driven by the 
input shaft and its stator windings are connected 
to the equivalent windings of the so-called coincidence 
transmitter (in the USA this element u analogous 
to the 1 synchro control transformer') which is 
oriented initially 10 that when mput and output 
■hafts are in alignment, the voltage induced in the 
rotor windings of the latter is zero If, subsequently, 
the input shaft js rotated through a small angle, say 
=t= ao°, an alternating current (AC) signal, in phase 
or 180° out of phase (depending on the sign of the 
error) with the supply yoltage, is induced in the rotor 
winding of the coincidence transmitter, the root 
mean square value of this signal is proportional to 
the error Thu error signal u usually rectified by a 
* phase-sensitive rectifier' and the resulting DC 
signal u amplified and applied either to the field 
windings of a Ward-Leonard, Metafyie, or Amplify* 
generator, or to the field windings of a DC iW>tor 
with constant armature excitation This procedure 
only applies to essentially DC servo systems and u 
modified when the servo motor u an AC induction 
motor for example 


1 

If it is required to control the pontoon of the load 
very accurately so that, for example, the maximum 
error under dynamic conditions does not exce ed 
9 or 3 minutes of arc the systems described above are 
inadequate, chiefly because the average error of the 
MagsUp system ts already of the order of 13-30 minutes 
of arc The moat convenient method of overcoming 
this difficulty u to introduce 4 coarse 1 and 4 fine 1 
data transmission systems, the former ensures that 
the mput and output members arc always in the 
same sector (the sector value n 360/A* d eg r ees 
where A u the value of the gear ratio between 
coarse and fine transmitters) and the 4 fine' channel 
handles the main controf operations An automatic 
switch changes from 4 coarse * to 4 fine * control 
when the magnitude of the error u decreasing and 
reaches a certain value, and out versa when the 
error increases beyond the same limiting value 
Clearly, assuming ideal gcanng, the accuracy of 
the data transmission and error measurement can be 
increased by a factor of A compared with the 1 coarse 1 
channel acting alone , A is usually of the order of 
18, or sometimes 36 The principle of the method 
n illustrated in Figure 6 



Figure 6 Principle qf* coarse 1 and 'fine ' 
transmission 

In the design of servo systems it a necessary to 
pay special attention* to the problem of obtaining 
well damped behaviour when the system is subjected 
to sudden disturbances The hydraulic servo system 
considered briefly above is not usually difficult to 
stabilize, especially if the speed of response of the 
error-measuring element (the hunter) is increased 
by introducing centring springs, because the time 
constants of hydraulic relay, amplifier and motor 
are generally small On the other hand m ardqr to 
achieve adequate damping in the response of 
electrical servos it is often necessary to introduce 
* derivative of error 1 networks or 4 output velocity 
and/or acceleration’ feedback, these speoa) 
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are not indicated in the flow diagram 
and a dacusuon of them u beyond the scope of this 
paper 

Notwithstanding appreciable im p rov em ents in the 
design of mechanical and electrical components, 
the accuracy of remote position control systems and 
indeed of all servomechanisms will always be 
limited by two basic factors First, a servh- 
mechatuam u essentially an analogue device and the 
accuracy of the system is ultimately limited by the 
accuracy with which mechanical parts can be 
machined, the accuracy of winding potentiometers, 
and so on For example, the accuracy of measure¬ 
ment of linear and angular misalignments cannot 
be greatly improved over and above that obtainable 
at present, but it is probable that the deleterious 
effects of backlash and non-linear friction will be 
reduced appreciably by improved gear cutting 
processes and lubrication Secondly, all continuous 
error-actuated servo systems must possess inherent 
dynamic following erron , although in practice it 
is possible to eliminate dynamic lagi which depend 
on the velocity of the output member, it is quite 
impracticable to eliminate acceleration lags com¬ 
pletely unless 4 ve are prepared to tolerate very 
oscillatory transient behaviour of the system On 
the other hand dynamic lags may be compensated 
by feed-forward of the first and perhaps of the 
second time derivatives of the input shaft dis¬ 
placement 

ANALOGUE COMPUTOR8 

Some of the most elegant applications of servo¬ 
mechanisms arise in the design of analogue com¬ 
puting systems 19 , three important examples are 
j torque amplifiers and remote position control 
systems m the differential analyser , 
a the application of servomechanisms in carrying 
out simple arithmetical operations automatically, 
and in the solution of simple equations , 

3 electromechanical integrators $g the Velodynt 
system 

We will consider each of these applications in turn 

Dtfffn&twl anafystr — The importance of servo¬ 
mechanisms in the design of the differential analyser 
cannot be over-emphasized , indeed recent designs 
are b as ed almost entirely on the types of servo 
systems which are used For example, the original 
Bush machine 11 and moat of the machines based on 
it incorporate the mechanical capstan-type torquo- 
amphfim, and as a direct consequence it is necessary 
to transmit data from one unit to another by inter¬ 
connecting the units mechanically through a large 
flexible gearbox. Subsequently V Bush and S H 
CaJUVwkll 11 decided to replace the mechanical 



Figure 7 Manually controlled * bridge 
multiplier ’ 

torque-amplifiers by a specially designed electrical 
remote position control system, by means of which 
the output of any one unit can control the input of 
one or more units by making appropriate con¬ 
nections through an automatic telephone switch¬ 
board Thu decision completely changed the whole 
basis of design of the new differential analyser at 
the Massachusetts Institute of Technology and 
resulted m a far more flexible and effective machine 
for the solution of ordinary differential equations 

Multiplication and division —Analogue methods of 
carrying out arithmetical operations arc often appre¬ 
ciably facilitated by introducing servomechanisms 
Consider as a simple example the well known 
( bridge * method of multiplying or dividing two 
quantities x and y which may be varying continually 
In the system shown in Figure 7 a human operator 
rotates the handwheel z so that the galvanometer 
deflection is always zero , the handwheel displacement 
Z is then given by 

Z — r'xyjR — kxy 

But if x and vary fairly rapidly the effect of human 
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Figure 9 Dtegremmatu representation qf 
Magslsp resoioer 


reaction time may cause large errors m the value 
of the product The introduction of a high vpeed 
servomechanism as indicated in Figure 8 will 
usually improve the accuracy of the process and at 
die same time relieve the human operator of an 
exacting and probably boring task 

If the fixed resistance R and the variable resistance 
(ry) are interchanged the system will generate a 
quotient 1 e 

l-Rxlj 

Solution qf equations — In addition to the large and 
elaborate analogue computing machines, such as 
the differential analyser, many small scale compulors 
have been developed for the solution of special 
problems The continuous conversion of cartesian 
to polar coordinates is a typical example, given 
(Xjj) to determine mstrumentally (r, 0) There are 
several ways of solving the equations 

x cos 0 -f y sin 0 — r 
— x sin 0 +y cos 0 « 0 

which relate cartesians to polars in two dimensions 

Suppose x and y are given in the form of AC 
voltages and r is required as a voltage and 0 as an 
angular displacement of a shall One of the most 
convenient methods of solving the above equations 
is by using a 4 Magslip resolver' ll with * crossed 
rotor windings 9 9 this unit has two stator windings. 



to which are applied voltages x and y respectively, 
which produce magnetic fields at right angles, and 
two mutually perpendicular rotor windings. The 
unit can be represe nted schematically as shown in 
Figure 9 Referring to this diagram, suppose we 
rotate the rotor of the resolver, so that P » 0, 
then 0 m the angle of rotation with r espe c t to the 
fixed reference axis, and Q r volts gives the 
desired linear coordinate The process can clearly 
be earned out automatically by introducing a servo¬ 
mechanism, and Figure so shows a flow diagram of 
the automatic coordinate converter 

Servo systems as integrators—AH servomechanisms 
which are damfied as displacement-velocity systems 
can be regarded as integrators although few are 
used as such One of the most succeadul 4 servo 
integrators * which has been used extensively m 
analogue computers and which provides the bans 
of an electromechanical differential analyser is the 
Velotyt * 1 * 9 11 system shown schematically m Figure ss 


Constant 

ttrtoyr 



The servo motor and generator are assembled as 
a single machine with suitable shielding to minimize 
interaction between the two component machines 
Assuming very high amplification and negligible 
time constant of the motor field winding and 
generator armature winding, the relationship between 
V and p can be written 

9 -kjr* 

in which A, the integrator constant, can be vaned 
by varying the resistance R l The speed range of 
these integrated may be as high as 1,000 1 and 
their accuracy certainly compares favourably with 
the ball and disk type integrated normally used in 
fire control computing equipment. 
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Livestock Breeding Research 
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Genetics Laboratory, Animal Breeding and Genetics Research Organization, Edinburgh 


HISTORY AND ORGANIZATION 

Aniual breeding is the process of artificially 
selecting those animals of the colony or herd to be 
used for reproduction, deciding which males are to 
be mated with which females, and controlling the 
physiological processes of reproduction as far as it 
may be necessary or desirable The aim of livestock 
breeding research is to reveal methods by which 
form animals may be genetically improved The 
application of the results obtained is the function of 
the educational and advisory services, of the govern¬ 
ment agricultural departments, and of the pedigree 
bree ders and their organizations 

In the past this division of labour did not 
exist The men who bred the animals were both 
their improvers and their commercial exploiters 
Empirically they discovered the methods to use, 
and the good effecti with which they applied them 
are witnessed today by the many improved breeds 
of livestock m Europe and America 


The result was that during the first thirty yean of 
the twentieth century livestock breeding research in 
Britain coniuted only of / analyses of simple genetic 
situations which had little economic, importance, 
2 unsuccessful attempts to force quantitative 
characters into the mendelian mould by experiments 
designed to determine the number of genes con¬ 
trolling them, and 3 ad hoc trials of current breeding 
practices e ( experiments to determine the most 
suitable breeds to cross for specific purposes During 
the same period important pioneer work was done 
m Edinburgh and Cambridge on the physiology of 
growth and reproduction in farm animals, described 
by F H A Marshall and J Hammond 1 

During the 1939-43 war, which focused attention 
on methods of increasing home food supplies, the 
Agricultural Research Council (ARC) realized 
how small was the volume of research in Britain on 
the genetical improvement of food producing animals 
Individual research workers at universities and other 


The rediscovery of mendelism m 1900 gave nse 
to hopes that livestock improvement would hence¬ 
forth be firmly based on the new science of genetics 
These hopes were too optimistic Mendelism was 
a We to explain the mode of inheritance of horns 
and coat colour which are usually due to simple 
genes , it made possible t^e production of autosexing 
breeds of poultry and it could help in the avoidance 
of monsters and abnormalities due to simple recessive 
genes But mendelian genetics was quite unable to 
help in the improvement of meat, milk or egg 
production : these are all quantitative or polygenic 
characters The young science of biometry, founded 
fay F. Galtom and K Pearson, was a suitable 
instrument for their study but mendelism was 
espoused by W Bateson and R G Punwett and 


research institutions can conveniently carry out 
research on small laboratory animals Farm animals 
of large size, slow breeding habit and commercial 
value (especially cattle) need outlays of space, 
time and money which only a large scale public 
organization can afford Accordingly, following a 
thorough exploration of the whole subject, the 
ARC decided to organize its own animal breeding 
research institutes In 1945 the Animal Breeding and 
Genetics Research Organization (A B G R.O) was 
set up with R G White as director Its head¬ 
quarters were established in Edinburgh which was 
already the seat of the only Institute of Animal 
Genetics in the country—an institute which had 
earned a worid wide reputation under its first 
director,F A»E Crew In *947 C. H. Wadwnoton, 
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the chief geneticist of AJLGRO, was appointed 
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Professor of Animal Genetics in the University 
of Edinburgh and the Genetics Laboratory of 
A B G R O was housed in the University Institute 
of Animal Genetics Thus continuity of work was 
maintained between the new organization and 
the old* 

A parallel development was the foundation in 1947, 
again by the A R C , of the Poultry Research Centre 
in Edinburgh with A W Greenwood as Director 
This centre will continue the work on poultry 
breeding and physiology begun in the Institute of 
Animal Genetics* 

In the USA a similar development of large 
central research organizations has occurred Each 
state has its Agricultural Experiment Station , many 
of these have important livestock breeding sections 
In addiuon the federal research organizations arc 
increasing in number and importance The Bureau 
of Animal Industry and the Bureau of Dairy Industry 
of the LJ*S Department of Agriculture carry out 
vast research programmes at the Agricultural 
Research Center, Beltsvilie, Maryland, and also at 
regional research laboratories The three concerned 
with animal breeding are the Regional Swine 
Breeding Laboratory with its headquarters at Ames, 
Iowa, the Range Livestock Experiment Station at 
Miles City, Montana (beef cattle), and the Western 
Sheep Breeding Laboratory at Dubois, Idaho 4 -* 

METHODS 

Mcndelum has now settled down as one of the 
foundation stones of animal breeding, but it is only 
one and not the most important Research on the 
\anauon and inheritance of quantitative characters 
is now firmly based on the statistical methods 
developed by K Pearson and R A Fishtr and 
applied so fruitfully to genetics by J B S Haldane 
and S Wsuqht and to livestock breeding by J L 
Lush* The livestock geneticist is no longer con¬ 
cerned merely with the behaviour of single gene 
pairs , he is interested in the behaviour of populations 
of genes In short, livestock improvement has now 
become a question of increasing the proportions of 
desirable genes in the gene population represented 
by the herd, strain or b^eed 

A few examples of methods and techniques will 
be given Inbreeding, the mating of animals more 
closely related than the average of the population 
from which they are taken, has always been an 
important tool of the breeder, but until S Wright* 
tadded the problem no satisfactory method of 
measuring degrees of inbreeding had been suggested 
Wfight shewed how inbreeding could be measured 
by the rate, of increase in homozygotic gene loa 
[Hit developed the formula 

“* f-iZ (»>■(! +F a ) 
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where F is the inbreeding coeffident (it m the 
percentage decrease in heterozygosis relative to 
the foundation stock) of any given individual, 
n is the number of generations between the dam, 
back to any common ancestor of sire and dam, and 
forward again to the sire , and F d is the coefficient 
of inbreeding of the common ancestor Thu 
coefficient is now universally used as a measure of 
inbreeding Mating a sire to his daughter produces 
offspring which are 35 per cent inbred 

In considering the variation of any character of 
economic importance the first question which needs 
an answer is how much of the variation is genetic 
and is therefore capable of transmission to the 
o ffs pring, and how much is due solely to the environ¬ 
ment 7 I his proportion can be represented by a 
quantity called the 4 hen lability which is 
defined as the ratio of the additive genetic variance, 
Of, to the total variance «t the sums of the genetic 
and environmental variance, 0% + oj 

The argument between those who believe in 
* nature 1 and the apostles of 4 nurture ’ can now be 
resolved precisely for a particular characteristic of a 
given species For instance, many studies have 
indicated that the hentabihty of hrst lactation milk 
yield in cattle is about o 35 1 1 of the variation in 
milk yield within a herd 75 per cent is due to environ¬ 
ment and 25 per cent to heredity A striking 
illustration of the importance of the environment is 
provided by a recent Danish experiment* Ten 
cows from one of the best herds in the country were 
given individual attention and fed a highly appetizing 
protein nch diet The annual milk yield was nearly 
doubled and in 1948-49 the ten cowi averaged 
32,200 lb of milk, a truly amazing performance 1 

R W Phillips •• 11 lists estimates that have been 
made by American and Swedish workers of the 
hentabihty of various characters in beef and dairy 
cattle Hentabihty qan be calculated either from 
the intra-sire regression of offspring on dams or 
from the correlation between half-sibs In the case 
of cattle it can also be obtained directly by comparing 
the behaviour of monozygotic identical twins under 
different treatments 

The recent confirmation of the occurrence of 
monozygotic twins in cattle has, indeed, put a usefiil 
tool into the hands of the research worker Because 
of thar identity of genotype all differences between 
them must be due to differences m environment 
Research on identical twins u proceeding in New 
Zealand, m Sweden 11 and in Great Britain 

RESULTS 

The field of livestock breeding' research can be 
divided into three parts 
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1 wimnatinn of the time honoured methods of 
the breeder—those of selection, inbreeding, 
crossbreeding—in order to discover their 
biological mode of action and to refine their 
application to livestock improvement 

st study of the genetic nature of the livestock 
material available in the pedigree and com¬ 
mercial herds of the country and of the methods 
of breeding currently employed This has been 
called operational research 

5 development of techniques to control the 
reproductive processes so that more material 11 
available for the application of genetic methods 
of improvement 

SsUdton —The basis of animal breeding is the 
selection of those animals which are to be the patents 
of the next generation The earlier the best animals 
can be chosen the quicker the rate of improvement 
Many studies have been undertaken attempting to 
establish a correlation between the appearance of 
an animal and its performance 10 that selection can 
be undertaken at an early age The results obtained 
with cattle have been carefully summarized by 
Phillips 1 * Three points emerge a it is not 
possible to estimate the milk yield of a cow from 
any of the ordinary points of conformation con¬ 
sidered in judging cattle, b there is a small positive 
correlation between milk yield and body size, or 
any body measurement which can be considered 
an index of size, and c the milk characters (udder, 
milk veins, milk welh) may be of some use for 
estimating milk yield In this connc ction an 
important observation has been made 11 indicating 
that milk production may be predicted from the 
amount of glandular tissue (estimated by palpation) 
in the udder of the four months old calf 

Meat conformation is more readily observable m 
animals of both sexes and all ages Nevertheless, 
the master breeders undoubtedly realized what 
mendehsm later proved, namely that like does not 
necessarily breed like Or, as we should now put 
it, selection on phenotype is only satisfactory if 
hentabihty is high If the hentabihty is low or 
if the male does not exhibit the character (e g milk 
and egg production), selection of sires must be based 
on genotype Genotype cannot be directly measured 
but it can be evaluated from pedigree, from the 
performance of collateral relatives and from the 
performance of offspring This latter method is 
usually the most accurate method of determining a 
•ire’s breeding value However this does not mean 
that progeny testing will inevitably lead to a higher 
rate of genetic improvement pet annum than 
•election on the basis of pedigree and performance 
The improvement per generation may be high but 


the interval between generations is increased by 
the tune necessary for the results of the progeny test 
to appear G £ Dickerson and L N Hazel 11 
have shown that progeny testing will only increase 
the annual rate of genetic improvement if 1 waiting 
for the progeny test information does not unduly 
increase the generation interval, u the reproductive 
rate is low, and in the bans for making early selections 
is relatively inaccurate 1« if hentabihty is low 
Progeny testing of meat animals is still only at 
the stage of trying to define the best measures of 
productivity and the most accurate recording 
methods Indices being studied in the USA 
include birth weight, weaning weight, rate of gam, 
economy of gam (t e efficiency of food utilization), 
slaughter weight and carcass characters The 
performance of dairy cattle, on the other hand, can 
be easily measured by milk yield and butteriat 
production Here current work is concerned with 
methods of*applying the progeny test so that errors 
due to environmental variations are minimized 
Tor instance, should bulls be compared by / the 
average yield of their uiuelected daughters, 2 the 
average difference between the yields of these 
daughters and the yields of their dams, or 3 their 
average yield compared with the average yield of 
contemporaries m the herd 7 The last method 
appears to be the most satisfactory 

In any discussion of selection the problem of the 
environmental conditions under which st lection 
should be practised arises J Hammond 14 ahd 
A D Buchan an-Smith 14 consider that selection 
should take place under conditions which arc 
optimal for the character concerned This will 
bring out high production but it will neglect 
adaptation to environment The latter may be 
more important where the environment is 
unfavourable Years of experience have shown 
that high producing animals from temperate climates 
do not continue to produce well whrn taken to the 
tropics In this instance selection under the local 
poor conditions is the only way to obtain genetic 
improvement in performance An experiment to 
test these two views can be conveniently earned 
out on laboratory animals and such a test is at 
present under way in Edinburgh D & Falconer 
of A B G R O is selecting mice for body weight at 
two levels of feeding 

If selection for several characteristics is desired, 
progress will be most rapid if the character! are 
combined in a total score which is used as the basis 
of selection 11 This is much more efficient than 
selecting for each character separately u turn, <fr 
culbng for each character independently L N 
Hazel 17 explains the method of constructing such 
selection indices given the relative economic values 
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of the traits, their standard deviations, the phenotypic 
and genetic correlations between them in pairs and 
their hentabilities 

Inbmdmg —Owing to religious prejudice and to 
the contradictory results obtained, the value of 
inbreeding for improving livestock is still a matter 
for heated controversy among br e eders Its genetic 
effect is to increase the amount of homozygosity , 
it will, therefore, only have good results if more 
favourable than Unfovourable genes are thus fixed 
in the inbred hue Certainly many breeders have 
used inbreeding succeafully On the other hand, 
since the tendency is for favourable genes to be 
dominant, the recessive genes, which are revealed 
by inbreeding, are more likely to be harmful than 
beneficial Extremely severe selection unessential to 
dun mate these recesnvrs and thus avoid inbreeding 
degeneration Even so, of all lines started few will 
survive A Robertson*! summary 11 of three experi¬ 
ments on inbreeding dairy cattle m the USA 
shows that out of thirteen lines started ten were 
discarded because of deleterious recessive* and two 
more because of low milk yield All lines showed a 
decline in vigour, fertility and productivity 

Likewise, in the extensive pig experiments under 
the U S Regional Swine Breeding Laboratory, 
inbreeding has been accompanied by a dedixie in 
vigour, fertility and performance•» *• At the 
Minnesota station, for instance, only four out of 
the original eleven lines survived During the second 
five years 1 work at this station, however, the decline 
in performance was avoided by starting with cross¬ 
bred or crossin bred stock, by increasing the ngour of 
selection, and by keeping the degree of inbreeding 
below 30 to 40 per cent*" In an inbreeding experi¬ 
ment with White Leghorn fowls M Pease 1 1 records 
the same decline in productivity and the same 
petering out of inbred bnes After five years of 
brother-inter mating only one out of the original 
twenty hens still survived 

Crossing mbrtd Urns — The spectacular results 
achieved with hybnd maize suggested that the 
contribution of inbreeding to livestock breeding 
might he m the erasing of the inbred lines produced 
rather than in the fixing of desirable genes in the lrnes 
themselves But only 2 4 per cent of about 30,000 
maize lines proved useful* and a stupendous number 
of e ras es must have been made Consider the scale 
of a corresponding programme with cattle, or even 
with the more quickly multiplying pig or fowl I 

Nevertheless a beginning has been made with 
pigs in the U S A., but the results are neither con¬ 
sistent nor conclusive R W Pumps* concludes 
that 1 cranlg of inbred lmes has usually corrected 
the d e ch a t ** perfor ma nce that accompanied 


inbreeding, and in some cases appears to result! hi a 
considerable increase over the performance of non- 
inbred stock * It has been confirmed 1 *’ M that this 
i mpr ovement occurs with only some of the inbred 
lines and that the results are better if the inbred lmes 
come from unrelated stock $ g from different breeds 

M Prase 11 gives the remits of erasing the five 
inbred lines of White Leghorns then available 
Production of the mcrones sometimes returned to 
the level of the outbred controls or even exceeded it 
When the five lines were erased reciprocally in all 
combinations except two, egg yield in forty four 
weeks was higher than m the outbred control flock 
in thirteen crosses and lower in five 

Cmsbmdmg —These results indicate that there 
is some merit in heterosis, some real advantage in 
what has, until recently, been called hybrid vigour 
The appearance of this phenomenon when breeds 
of livestock are crossed has been sufficiently demon¬ 
strated by many experiments in which the crossbred 
progeny have shown themselves to be superior to 
the purebred parents Indeed crossbreeding on a 
commercial scale u a standard practice in all parts of 
the world and with all species of livestock but 
particularly in the production of fist Iambs and beef 
cattle where rapid growth rate is a desideratum 

Its mechanism is less clear and requires further 
fundamental research It should be noted that 
erasing of heterozygous breeds docs not give hybnd 
vigour whereas crossing inbred lines from diffe r ent 
breeds gives a maximum amount 

The results of cros s breeding experiments with 
dairy cattle have been analysed 11 The evidence 
of hybnd vigour in butterfat production is, on the 
whole, uncertain and unreliable The inconclustve- 
ness of these experiments can be attnbuted to three 
main facts a three quarters of the variation in milk 
yield is non-genetic m origin, b the genetic hetero¬ 
geneity of the parent stocks leads to genetic variation 
in the F, generation, and e only a few p r o ven sires 
were used so that high production in the F* might 
merely reflect the inheritance erf individual merit* 
This last criticism applies particularly to a recent 
experiment at BdtsviUe, USA 

Investigations mto the fundamental nature of 
heterosis are at present in progr ei in Edinburgh, 
and ABGRO ts also r*1 nTn "fl experiments to 
detect the presence of the phenomenon when dairy 
cattle are cr ow ed 

OpifttSmud rtMonk —Apart from the strictly expert- 
mental research so for described much information 
can be obtamod from Che acramuhteri records of 
the breeding industry, usually by the application 
of statistical methods In Great Britain such records 
are of four Mods: 
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j The herdbookiy which record little more than 
the pedigrees of registered animals Nevertheless 
they supply sufficient information for studies of 
population structure and vital statistics of the 
pedigree breeding material Such facton as herd 
sue, herd duration, generation length, migration of 
breeding animals, de gree of m breeding in the breed, 
will all have a great influence on the rate of 
improvement possible by the application of genetic 
methods 

a The records of milk production kept by the 
Milk Marketing Boards arc mvaluable sources of 
material for the study of the genetics of milk and 
butterfot production 

5 The records of artificial insemination centres, 
which deal almost entirely with dairy or dual 
purpose cattle Together with a these records offer 
the most fruitful opportunity for research 

4 The Ministry of Food keeps records of all 
animal* graded and slaughtered These should be 
a usefol source of material for operational research 
on meat ammak but, with the exception of 
an investigation on dual purpose cattle which 
A B G R O is just commencing, the figures taken at 
livestock grading centres are not at present being 
used in any large scale programme of research It 
must be borne in mind, however, that the sale of fat 
cattle and sheep according to weight and grade 
and the centralizing of their purchase in the Ministry 
of Food was a wartime innovation Furthermore, 


from the superior bulls thus detected will then be 
used on commercial herds and the process will lend 
to a stow but steady genetic improvement pf dairy 
cattle 

e corresponding technique applied to females— 
it might be called ‘ artificial in-ovation ’—is still at 
the experimental stage Ova have been collected 
from female rabbits tuperovulated by the injection 
pf gonadotropic hormone and transferred to other 
does to be successfully gostated In the case of 
cows the collection of ova is possible but the 
transferred ova have not yet been succettfrilly grown 
in foster mothers 

Another possibility which may have far reaching 
effects on livestock breeding is the control of the 
sex ratio, leading to the production of male or 
female offspring at will Considerable research has 
been done on this subject, especially m Russia and 
in the U 8 A, so far without the development of any 
successful technique 

The stimulation of growth and fertility by hormonal 
treatment will not be discussed here since it is not 
included in the term 4 breeding * m its narrow sense 
Those interested will find accounts of recent work 
in the reviews , *- lf 

Current research in livestock breeding m the 
United Kingdom has been summarized by J P 
Maule m The U S Department of Agriculture 
Yearbook" 1 gives semi-pppular accounts of rertnt 
American work 



there is no central collecting and analysing agency 
analogous with the Milk Marketing Boards The 
world meat shortage and the increasing scarcity of 
dollar exchange should induce the organizations 
concerned to explore the possibilities of establishing 
some nation wide system of meat recording This 
would supply the information essential for research 
on and improvement of home meat production 

Control of reproduction — The more quickly an 
animal reproduces the more rapidly can genetic 
improvement be effected Furthermore, the more 
widely a superior sire can be used and the more 
offspring a superior dam can produce id her lifetime 
the more quickly can their improved genotypes 
be distributed through a population Artificial 
insemination u a technique which has appealed to 
the farmer because it makes the management of his 
herd easier. Because it enables each good arc 
to father many more offspring it is of immense 
impor t a nce In genetic livestock improvement Its 
possibilities in this direction have not yet been 
exploited, but there are signs that the artificial 
■ n i f i niin a twwi centres in England and Wales will 
soon be operating an often* ve s y st e m of p rogeny 
t e u ton for breeding the* Own bulk. The semen 

- * 1 


CONCLUSION 

In this short outline it has only been possible to 
touch on some of the topics which are being 
investigated in the field of livestock breeding research. 
It has been difficult to restrict discussion to research , 
questions of livestock improvement were continually 
coming into the picture That research and 
improvement should remain so inextricably mixed 
in spite of their administrative separation is an 
excellent sign 

At the same bme, although the emphasis has 
been on form animals, it has been unpouible entirely 
to ignore related work on laboratory animals Here 
again pure and applied research must, and do, go 
hand m hand Nowhere is that more conspicuous 
than m the Edinburgh organizations For example, 
if fundamental geneticists working on DrotophUa 
succeed m developing a method of producing 
directed mutations, they may well confer greater 
benefits on the livestock industry than the workers 
in applied animal breeding. 

The stock b ree d er must not, however, hope for 
immediate spectacular results. It may no longer be 


175 



Riuarch 3-4 p. plbury and a mar&chal Insdtut D’Opdque Theorique et Applfa}ufc 


Diffractum — The resolving power of an lnttrument 
11 always limited by diffraction phenomena. When 
the aberrations 1 e distortion* of the wave front, are 
■nail their effect on the diffraction pattern » prac¬ 
tically negligible It is then poenble to give a new 
form to the Rayleigh limit and to obtain better 
precision by fixing a maximum to the mean square of 
the distortion of the wave front (X*/i8o) instead of a 
maximum to the distortion itself (X/4) *s in Lord 
Rayuxoh’s method Tins can be applied to any 
aberration, especially to decentration effects In 
fact this transformation of the Rayleigh limit does 
not enable us to know the complete structure of the 
diffraction pattern in the presence of an arbitrary 
aberration This problem involves great mathe¬ 
matical difficulties and in order to avoid them a 
special machine has been constructed to perform the 
diffraction integrals in cases of classical aberrations 
With that machine it is possible to calculate in ad¬ 
vance the resolving power of a system as soon as 
the aberrations have been computed , the computer 
is then able to take account of diffraction when 
choosing the optimum c or re c tion of aberrations 
Various industrial and research problems have 
already been solved with the machine 

Hie theoretical basis of diffraction phenomena has 
been studied and a critical study of the Huygens- 
Fresnel principle has been given recently by F Croze 
and G Darmob 1 , but the effect of perturbations on 
the propagation of hght by the nm of the pupil is 
still unknown Although experimental study of 
diffraction patterns has shown that it is negligible 
in most practical examples it is interesting to find 
the extent of thqsc perturbations experiments are 
now being made to obtain complete information on 
the subject 

Surface dtfkts — The formation of the optical image 
can be also influenced by the presence of small acci¬ 
dental defects on the surfaces or m the glass A 
systematic study has been undertaken by M 
FRAN90N and despite great experimental difficulties 
the exact effect of scratches on the glass surface* on 
the diffraction pattern has been tested It has been 
necessary to suppress the effect of the diffraction by 
the runs of the pupil by using a screen of a special 
shape, avoiding diffraction m a direction perpen¬ 
dicular to that of the scratch It has been possible 
to define reasonable tolerances for the presence of 
random defects on the surface or inside the glass 

Phm cmtfrmst— Great attention is also being pud 
to phase contrast, a technique which permits the 
determination of die small irregularities of a wave 
front by transforming the phase differences corre¬ 
sponding to them distortions into amplitude (or in¬ 
tensity) variations. The sensitivity can be increased 


so that optical pads differences of a small fracti on of 
a wavelength can be detected. Phase contrast is now 
widely used by mtcroscopvts to detect mail varia¬ 
tions of refractive index, for example m the nudei of 
cells, but up to now special 1 phase contract otyecUves* 
had to be wed Two attempts have been made in 
the Institute to develop methods of transforming any 
microscope into a phase contrast microscope The 
remits are very good and it is hoped that expensive 
construction of special phase contrast objectives can 
now be avoided 

FSROXFTION OF IMAGES 

Optical linages are generally perceived by the eye 
sometimes they form an impression on a photo¬ 
graphic plate, or they are formed on a photocell or 
other receptor The properties of the eye, or of the 
photographic plate, have to be taken into account if 
we desire to know the resolving power obtained 

For the eye a long senes of experiments were made 
before the 1939-43 war by A Aanulf to determine 
the specific resolving power of the eye in various 
conditions, using an object formed penodically by 
equidistant parallel white lines on a black background, 
1 $ the same test as that used by Foucault The 
results were analysed and it was stated that the con¬ 
ditions of observation could be defined by three 
factors a the brightness of the object, b the contrast 
(the background itself being not perfectly dark) and 
e the diameter of the pupil of the eye Terms of 
those parameter curves giving the resolving power of 
the eye have been published* 

In interpreting the results it seemed that a mini¬ 
mum value for the contrast of the retinal image was 
necessary to separate periodic structure of the image 
Further researches have been performed on the same 
subject and the perception of a single line or of the limit 
of two surfaces of slightly different brightness are being 
studied to elucidate die way m which the retina 
perceives the images for various conditions of illumi¬ 
nation The speed of variation of the illumination 
in the image seems to be an important factor but its 
role has yet to be made clear 

A parallel study of photographic plates m being 
made , it seems that there are great similarities with 
die behaviour of the eye, but the influence of diffusion 
in the emulsion is not yet fully understood A senes 
of experiments is banq per fo rmed on that subject 
by M Marquxt 

STUDY OF MASS 

Great attention is being paid to methods of tes tin g 
the quality of glass . die mast dangerous defect seems 
to be lack of homog en eity A new in ter fe rometric 
appa r a tu s is being deve l oped for rapid testing of 
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piece* of glua A lyitemmtic itudy of the phyiico- 
chcmical propertie* of glaa a alto being made by 
N 1 Worm When temperature a varied, interesting 
f t in gq occur in various physical proper t ies and new 
transformatio n s of the structure are to be expected 
A knowledge of these transformations u very im¬ 
portant in determining the proper thermal treat¬ 
ment to be applied to various glasses to secure 
perfect freedom from internal tensions and birefring¬ 
ence Moreover, important contributions may be 
made to the problem of the structure of glass. 

GLASS GRINDING AND POLISHING 

High quality polishing u desirable m special instru¬ 
ments such as Lyot's coronograph* which hat been 
designed to study the solar corona by blotting out 
the image of the sun itself The great difficulty a 
that the brightness of the sun is about one million 
times that of the corona, and in such conditions 
diffusion by the optical surfaces has to be very small 
to prevent error due to stray light from the of 
the sun Very low diffusion involves high quality 
polishing The quality of polishing can be tested by 
phase contrast small irregularities of glass surface 
appear as variations of illumination in the image of 
the objective and at the same time lack of homo¬ 
geneity is detected By taking two photographs at 
different orientations it is possible to locate the 
defects A stereoscopic view of a coronograph objec¬ 
tive can be such that small variations in optical path 
a moun ting to a few Angstroms are detected 

Grinding and polishing of parabolic surfaces can 
now be carried out rapidly by a procedure based on 
the single properties of paraboloids due to F 
Dournbau and J Demarcq’ The surfaces obtained 
are suffiaendy accurate for use in eyepieces, where 
they are very useful for correcting astigmatism They 
can alio be used m current objectives wherever pre¬ 
cision greater than a few wavelengths is not required 

SURFACE COATING 

■ Blooming' cf lenses Is now very commonly used 
a thm layer of magnesium fluonte or any material 
having a low refractive index it evaporated on to the 
glaa surface. When the layer has the correct thick- 
ne» (X/4) interference between the two vibrations 
reflected on the two surfaces of the layer gives a very 
low resultant reflection. Thus it» powble to prevent 
lows of light by reflection, and what is more im¬ 
portant, to cut down stray light 

Various processes of surface coating have been 
ffcididd in the Institute of Optics and a general 
theory of the propagation of light waves m multiple 
layeh, based on matrix algebra, has been elaborated 


by F Abxles* A method for measuring the re¬ 
fractive index of materials in thin layers has been 
derived Many applications can be found, for 
ex a mp l e the remarkable improvement of the re¬ 
flecting power of metals when they are coated with 
a conveniently thm layer The technique for forming 
thm layers u also being studied m the laboratory, 
the relation between the adhesion of the layers on 
the glass and the method of cleaning the surfaces by 
discharge or heating (according to the characteristics 
of the apparatus), establishment of layers of silicon 
monoxide (protecting layers) or iron oxide (half 
transmitting layers) §tc 

PHOTOMETRY 

The techniques of photometry have been unproved 
by the construction cf new apparatus which secure 
freedom from various errors Two types of mono¬ 
chromators have been constructed by F Desvignes 
A double monochromator with high precision re¬ 
flecting optics u used for testing work which gives a 
very pure radiation and makes change of wavelength 
very easy There u also a simple monochromator 
based on a new idea which gives a very low propor¬ 
tion of stray light, intermediate between that of 
simple and double monochromators A photo¬ 
electric amplifier has been developed by J Tkrjuxn 
And F Desvignes* It u used for high precision work 

Visual photometry has also been unproved by a 
special study of the effect of diffraction by the separa¬ 
tion line in photometric cubes A complete visual 
photometric equipment in monochromatic light has 
been designed Colorometry is also studied new 
apparatus invented by F Blottiau 1 * is being tested 
and will soon be ready for rapid and high precision 
colorimetric companions 

WORK ON TESTING METHODS 

A great part of the activity of the Institute oft Optics 
comprises work to improve testing methods This 
subject can be divided into three mam parts 

a high precision measurements related to technical 
optics eg a great number of index measurements, 
goniometnc studies of prisms, length and curvature 
measurements 

b quality testing of various optical systems Special 
problems concerned with correction of aberrations, 
resolving power tic are referred to the Institute 

c photometric, ipectrophotometnc and colon- 
metnc measurements. Sources of light, absorbing 
glasses, papers, pamts and various media are studied 
for photometric properties 

The Institute of Optics is, in feet, the central 
testing kboratory for optics in France 
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PUBLICATIONS AND MEETINGS 
The activities of the Institute of Optics are extended 
to publishing the Revue tTOptupm and various other 
periodicals and books dealing with astrophyncs, 
geophysics and photography Original papers are 
published in full in a special publication, Commum- 
caitons des Laboralotres de VInstxtut d'Optique 

The Institute also plays an important part in 
international meetings In 1946 a meeting was held 
in Pans between European scientists and their 
English or American colleagues to re-establish many 
contacts Other mteUngs in 1948 w< re the Commission 
InUmatumale d’Opttque held in Holland and a con¬ 
ference on thin layers held in Marseille 
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ROYAL society 

At its meeting on lb March the Royal Society 
elected the following into the Fellowship 

Dr B P Babkin, Physiologist, McGill University, 
Montreal, Canada , Dr L F Bates, Professor of 
Physics, University of Nottingham , Dr 1 A 
Bennli-C'iark, Professor of Botany, King's College, 
London , Dr B Bleaney, Demonstrator and Lecturer 
in Physics, Oxford Unistrsity , Dr L J Cowrie, 
Director, Scientific Computing Service Ltd, London , 
Dr C A Goulson, Professor of rheoretical Physics, 
King's College, London , Dr L R Cox, Assistant 
Keeper, Department of Geology, British Museum 
(Natural History) , DrH S M Coxa ran, Professor 
of Mathematics, University of Toronto, G H 
Cunningham, Director, Plant Diseases Division, 
Department of Scientific and Industrial Research, 
Auckland, New Zealand, Dr W J Elford, Bio¬ 
physicist, National Institute of Medical Research, 
London , S B Gates, Senior Principal Scientific 
Officer, Ministry of Supply (Air) , Dr C A Ho are, 
Protozoologist to the Wellcome Laboratories of 
Tropical Medicine, London, Dr L Howarth, 
Professor of Applied Mathematics, University of 
Bristol , Dr E R H Jones, Professor of Organic 
Chemistry, University of Manchester , Dr A J P 
Martin, Biochemist, National Institute for Medical 
Research, London , Dr D F Martyn, Principal 
Scientific Officer, Commonwealth Scientific and 
Industrial Research Organization, Solar Observatory, 
Canberra, Australia , Dr R A Morton, Professor 
of Biochemistry, University of Liverpool, Dr R J 
Pumphrey, Professor of Zoology, University of 


Liverpool, Dr A G Shensi one, Professor of Phybics, 
Princeton University, USA, formerly Scientific 
Liaison Officer in London of the Canadian National 
Research Council, Dr H E Shortt, Head of the 
Department of Parasitology, I ondon School of 
Hygiene and Tropical Medicine, Dr M SiArrY, 
Professor of Chemistry, University of Birmingham , 
Dr L E Sutton, Demonstrator and Lecturer in 
Physical Chemistry, Oxford University , R L M 
Synok, Biochemist, Rowett Research Institute, 
Aberdeenshire , Dr B P Uvarov, Director, Anti- 
Locust Research Centre, British Museum (Natural 
History) , Dr F C Williams, Professor of Elcctro- 
Techmcs, University of Manchester 


UNIVERSITY APPOINTMENTS 

Australian National University, Canberra — Dr E W 
Titterton will be Professor of Physics and will 
work with Professor M Oliphant, f r s , in the 
Research School of Physical Science 

London — Dr J E Smith has been appointed to the 
University Chair of Zoology, tenable at Queen 
Mary College, from 1 October 1950 

The title of Profemor of Agricultural Chemistry 
in the University has been conferred on Dr R L 
Wain m respect of the post held by him at Wye 
College 

The title of Reader in Bacteriology m the 
University has been conferred on Dr S E Jacobs 
m respect of the post held by him at the Imperial 
College of Science and Technology 
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The following have had the title of Professor 
Ementus in their various subjects conferred on 
them 

Dr E N da C Andrade, f r s , Qua in Professor 
of Physics at University College from 1928 to 1949 
C S Gibson, obe,frs, who has held the 
Chair of Chemistry at Guy's Hospital since 1921 
Dr H Harhudge, f r s , who held the Chair of 
Physiology at St Bartholomew's Hospital Medical 
College from 1927 to 1947 

Sir Ian Heii bron, d s o , f r s , who held the 
Chair of Organic Chemistry at the Imperial 
College ot Science and I ethnology from 1938 
to 1949 

Makerert University (ollfRe, East Africa— Professor B 
df Bunhtn, Acting Principal, has bet n appomted 
Principal 

Manchester — Dr J L Mathtson, u b f , has accepted 
appointment as Beyer Professor ol Engineering and 
Dircc tor of the Whitworth 1 aboratories 

l'agademie dfs sciences 
Professor l N da C Andrade has been tlected 
Correspondent for the Section of General Physics 

award 

C C Pounder has been awarded the James Clayton 
Prize by thi Institution of Mechanical Engineers in 
recognition of his work for progiessive design lor 
steam turbines and diesel c ngmes 


BUILDING RESEARCH STATION 

Preliminary experiments on the foaming of days to 
make lightweight insulating materials have been 
made So far the results with brick days have been 
unsatisfactory Small specimens with a reasonably 
fine porous structure were made with ball clay 
Work on concrete aggregates has included investiga¬ 
tions of the possibilities of using Cornish china day 
as an aggregate, of limestone aggregates, and of 
methods of teat for silt content Lightweight aggre¬ 
gates such as clinker, vcrmiculitc, expanded clay and 
foamed slag have also been studied The programme 
of investigations on steam c unng of concrete has been 
continued and its scope widened Pilot scale test 
plant has been installed As a first step in research 
on quali ly control of concrete a study has been made 
of the degree of quality control exercised in factories 
and by firms of building and civil engineering 
contractors 

Alternatives to hmewash, containing tallow, as a 
white surface* treatment for bituminous roofing 
materials have been tested Tallow is scarce and 
wool gre asc may be used although it is not quite so 
durable T rials of paints economizing m linseed oil 
have been continued A numbe r of types of flooring 
material for use as alternatives for timber have been 
studic d and several new varieties of building board 
have also been tested for such properties as weight 
and density, spread of flame, resistance to impact, 
case of decoration etc 


Mew Books 


Electronic Theory of Organic Chemistry 

K J I DEWAR 

{xi+3a4pp, tUus, by 6 tn ) 

London Oxford University Press 1949 jqj net 
With the advance of the electronic theory of 
valency through the applications of quantum 
mechanics it was inevitable that its consequences 
should spread into the field of organic chemistry 
Here a large body of unified knowledge and many 
general principles and reaction types are available 
both to test the results of the theory, and also to 
provide problems the solution of which in terms of 
the electronic theory would suggest new advances 
in the novel interpretation of reaction mechanisms 
not fully explained by the classical theory The 
mam outlines of the newer electronic theory are 
now sufficiently clear and precise to make the 

G 


subiect one which it is desirable to study in con¬ 
junction with the more familiar aspects of organic 
chemistry, and a book suited to the needs of students 
is desirable It may be said at the outset that 
Dr Dewar has succeeded in writing a very dear and 
interesting account of the field, and his own con¬ 
tributions to it are a guarantee that he has both the 
knowledge of hu subject and the ability to convey 
this knowledge to others which are essential to the 
production of a satisfactory book The mathematical 
aspeetj of the wave equation which underly its 
applicability in this field are not particularly difficult 
or advanced, since they ultimately involve only 
algebraic or trigonometrical functions, but the 
technique is unfamiliar to organic chemists A more 
serious difficulty is that the limit of rigorous 
mathematical treatment is reached long before 
anything nearly so complicated as the systems of 
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interest to chemists 11 reached, and the procedure 
is actually a different one, certain semi-quantitative 
results bung turned to good use in a rather rough 
and ready way which conceals its weakness from 
the uninitiated In the very clear and interesting 
chapter rv on the replacement reaction, for example, 
no hint is given of the coarse approximations which 
were made in the quantitative ground work, and 
of the resulting insecurity of the results The author 
has some hard things to say of others, and there is 
quite olten a cocksurencss in his statements which 
arouses suspicion , he cannot, therefore, take amiss 
any remarks about his treatment which suggest 
themselves to a reader not specially interested in a 
particular aspec t of the theory One criticism whirh 
may be offered is that really important things are 
often pawd over too briefly It is not made clear, 
for example, whether what is called resonance 
cneigy is an excess of energy in the particular state, 
or a defect Sometimes thermochemical equations 
are used m which energy loss is positive, and in 
other equations the opposite convention is used 
The treatment of the peroxide effect leaves the reader 
uncertain whether it is real in some cases and not 
m others The whole treatment is based on a 
symbolism making use ol dotted lines and deltas, 
but the exact meaning of this is nowhere explained , 
it comes into use quite suddenly and without a word 
of elucidation It may be quite standard and 
elementary, but the reviewer failed to understand 
its interpretation in the sense that he would expect 
of a symbol m physical chemistry The author is 
in too great a hurry to get on to special topics to 
trouble about such elementary matters 

Complaints arc made in parts of the book that 
some things have been ‘ almost wilfully mis¬ 
understood ', but this is only to be expected if they 
are slurred over in sue h a perfunctory way Physical 
chemists arc accustomed to have clear definitions of 
symbols, and if these are lacking they usually go on 
to more comprehensible matters I hey are not to 
be blamed for this 

Another weakness of the book is the very loose 
way in which concepts are used It is almost 
inconceivable that organic chemists have confused 
resonance with tautomerum, yet we are assured 
that they have done so Hie author does not help 
matters by suggesting that bonding orbitals consist 
of electron gas, which can lose energy by adiabatic 
expansion, or by speaking of the * entropy of a 
molecule* 1 he distinctions between mesomensm 

and resonance, and between bond energy and 
bonding energy, although they are said to be 
important, are not clearly explained , it is not 
suggested that they are not explained at all, but the 
sentence means just what it says 


There is throughout too pronounced a tendency 
to dogmatism, when it is said, for example, that 
the formation of persulphate ‘ undoubtedly' pro¬ 
ceeds through the S 0 4 “ radical, it may be added 
that it very probably does not 1 he tables of bond 
energies have been compiled m an arbitrary way 
which is hard to follow and it seems, in fact, as if 
this matter will finally have to be settled by expen 
ment, formidably difficult perhaps, but the only 
way after so much theorizing has led to irreconcilable 
results which no one can say are right or wrong 
Minor points of nomenclature, such as the use of 
* quadrivalent * m company with * tnvalent ’ in 
some instances and ‘ tervalcnt 1 m others, are not 
trivial in a book intended for students Usage here 
was systematized long ago, and divergence is rather 
an affectation 

The applications of the theory, whatever it may 
be (and it is not very clear what it is), to groups of 
topics are interesting and good, particularly when 
good summaries have been available The accounts 
are often much better than those of the original 
authors 1 he topics include polar reactions of 
aliphatic and aromatic compounds, strengths of acids 
and bases, molecular rearrangements, free radicals 
and reactions involving them, polymerization, and 
colour and constitution, that is to say, the well tried 
and familiar topics which have interested certain 
chemists and hence must interest certain students 

The treatment of acids and bases is rather old 
fashioned, the so-called Brttnstod theory (here 
credited to Brows ran, the unshared pair having 
been unnecessarily donated to Kolbe more than 
once) is the foundation, so that important aspects 
(such as the treatment of the generalized Claiscn 
reaction) of the new theory (just hinted only at the 
end of the book) are missed 1 he new work on the 
Hofmann and Saytzeff rules came too late 
for inclusion The treatment of naphthalene is 
inadequate 

In spite of its faults, the book is so good that it is 
certain to be very popular with students, and u 
likely to sell out quickly It 11 to be hoped that the 
author will not follow the example set by some other 
Oxford books of allowing it to be reprinted several 
times without revision, after it has become quite 
out of date If students do not gain from it any 
particularly deep knowledge of the electronic theory 
of organic reactions, they can at least gather from 
it a stock of Ephtsia grammata which will serve just 
as well The style of the book is clear and attractive, 
although the reviewer failed to ascertain the precise 
distinction between reactions which are 4 interesting 1 
and those which are merely 4 amusing' The book 
has its stock of both 
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Colorimetric Methods of Analysis 
Third edition F d and c T snell 
Vol I Theory, Instruments, pH 
(*n+* 39 pp> rogtUus, put by 6 tn) 

New York D Van Nostrand Co Inc, 1948 $4 yj 

London Macmillan and Co I td, 1948 337 6 d net 

The new edition of this work, issued in 1936 as two 
volumes, has now been expanded to three volumes, 
and it is the first of these which is under review 
The subject matter includes a brief treatment of 
the theory underlying colorimetric analysis, a 
detailed survey of commercial instruments (most 
of which, with tht exceptions of the Lovibond 
tintometer and comparator and certain Hilgcr 
instruments, are only available m the USA), 
valuable chapters on accuracy and calculations, 
and a good account of />H measurements by 
colorimetric methods 

The numerous photographs of apparatus are not 
always satisfactory , the half-tones are frequently 
fuzzy More line diagrams could be introduced 
with advantage and these would assist the reader 
conndciably in appreciating the differences between 
the various commercial instruments Ihe reviewer 
feels that the advantages (cost, simplicity etc) of the 
simple Nessler tubes—so widely used even at the 
present tune—have not been sufficiently emphasized 
it does not always follow that a highly expensive 
colorimeter of necessity gives results of so much 
higher accuracy as to justify its purchase Numerous 
references to the literature are given m the text, 
but these do not appear always to have been selected 
with due regard to the most recent views and trends 
Thus a more extended treatment of pH scales, with 
appropriate literature references, might have been 
included The correction of the proofs has been 
well done , a page number has been omitted on p 6 

1 he volume provides a sound theoretical treatment 
of colonmetnc analysis, and a detailed but uncritical 
description of apparatus (largely commercial) 
employed in the various branches of the subject 

A I Vogel 

A Scheme of Qualitative Organic Analysis 

f j sunn and E JONES 
(wm + 330 pp, tlltu, 8 \ ut by 5! in) 

London BJarkie and Son Ltd, 1948 1 js bd net 

Qualitative organic analysis is an integral part of 
advanced organic chemistry courses and it is essential 
that good textbooks on this topic should be available 
Thu book fulfils such a need No claim to originality 
u made for its subject matter and its value depends 
upon the method of presentation of thu matter The 
authors have aimed at developing a systematic 


scheme of examination whereby classes of compounds 
are eliminated one by one, and in thu they have 
succeeded 

Die first section of the book deals with the 
preparation of derivative and melting and boiling 
point determinations The second u concerned with 
detection of elements including fluorine, thus 
reflecting the growth recently of the organic chemistry 
of fluorine Ihe third section deals with identifi¬ 
cation of single substances and is divided into 
chapters, each dealing with a group of compounds 
which contain the same elements Each chapter 
gives details of preliminary and classification tests 
and of the derivatives which may be prepared The 
final section of the book deals with separation of 
mixtures Since the book is intended for students 
preparing for degree and other examinations it u 
surprising that the assumption u made that mixtures 
which contain two compounds of the same group 
will not be met 

With regard to dc tails, the suggestion that it is of 
little value to prepare derivatives direct from esters 
is not always valid It u often easier to prepare 
derivatives of the ac id direct from the ester, such as 
the anilide by the Gngnard method, than to prepare 
them after saponilication and isolation of the acid 
The statement that either maltose or lactose u 
present if no reduction of Barfoed’s solution occurs 
is misleading as other disacchandcs arc non-reducing 
to this solution The inriusion of methods for 
halogen estimation is useful since the value of 
quantitative estimations cannot be over emphasized 

In view of the wide scope of the book elementary 
students will probably require guidance in its use 
It is, liowever, one which can be thoroughly recom¬ 
mended It contains excellent tables, 11 well indexed 
and reasonably priced 

T G Hazjball 

The Atomic Age 

Sir Halley Stewart Lectures for 1948 

V 1 OLIPHANT, P M S BLACKETT, St F HARROD, 

n russfll, l cur ns and n w brooan 

( * 49 PP> by J») 

London G Allen and Unwin Ltd 1949 7 s 6 d net 

This is a series of important lucid lectures repre- 
senung a variety of thoughts on the atomic problem 
The opinions range from the belief that atomic 
bombs * will destroy civilization and may even end 
by destroying all human life on earth 1 (Professor 
Curtis) to the statement that the contraceptive 11 
* an invention far more deadly in its potentialiues * 
(Professor Haerod) 
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It is supposed that a better understanding of the 
scientific background of atomic knowledge will aid 
in solving the problems created by the bomb 
Unfortunately, past experience has shown that 
popularization of science is almost impossible, in 
spite of outstanding efforts like the unusually clear 
lecture presented by Professor Ouphant About 
thirty years ago there was a tremendous popular 
demand for information about Einstfin's Theory 
of Relativity All that remained in the non- 
scientist’s mind is the conviction that Einstein is a 
mathematician and that barely a dozen people 
arc capable of understanding him 

Professor Blackett again defends his thesis that 
the atomic bomb is not a decisive weapon He 
quotes earlier opinions that war was believed made 
impossible when firearms and when airplanes were 
first introduced His arguments on this point seem 
sound, but the point itself is not well chosen 
Whether atomic bombs can lead to a military 
victory or not, their destructiveness is so different 
from conventional weapons that they will completely 
alter the character of future wars Professor Blackett 
warns against a * preventive war * and advocates 
that a strictly defensive policy of the West and an 
attempl to negotiate an agreement with Russia can 
stop the advance of Communism Unfortunately, 
he does not say how such negotiations can be made 
to succeed 

Lord Russell’s lecture on 4 Values in the Atomic 
Age ’ is so persuasive that his conclusions sound most 
alarming We are faced with other extinction of 
the human race or rc versions to barbarism unless the 
world submits to a single government with a 
monopoly of armed force He shares with Professor 
Brogan the view that the United States, playing 
the leading role, can for the present bring about 
such a unified armed force But Professor Brogan 
fears that the hesitancy and uncertain character of 
American foreign policy may lessen its influence in 
the world in spite of its beneficial intentions 

Professor Harrod, discussing the 4 Economic 
Consequences of Atomic Energy \ is very sceptical 
about its eventual economic advantages and accuses 
scientists of stressing these benefits because of their 
guilty conscience alter Hiroshima He wishes to 
stop not merely the manufacture of bombs but also 
all experimentation on the development of atomic 
power 

In this extreme diversity of thoughts the authors 
seem, however, more or less in agreement about one 
important issue, namely the alxdute necessity of 
peace through some sort of world government, 
perhaps initially in the form of a Pax Americana 

S A Goudsmit 


Practical Section Cutting and Staining 

B O GLAYDEN 

(vm+ijo pp, 8i tiius, 8 m by jjw) 

London J and A Churchill Ltd, 1948 91 
This small volume, intended primarily as a 
laboratory handbook for histology technicians, deals 
thoroughly with the preparation of paraffin wax, 
frozen and ceiloidin sections from various tissues, 
and mcludes much helpful information gathered 
from the author's practical experience The common 
staining reactions, with few exceptions, are described 
clearly and in adequate detail, but with no discussion 
of the underlying reasons for the use of the various 
reagents To quote but two examples, any book of 
this type would undoubtedly profit greatly by the 
explanation of the use of such reagents as lithium 
carbonate (in Bennhold’s congo-red staining method 
for amyloid) or of potassium permanganate followed 
by oxalic acid (m the osmir acid method for the 
staining of fat in tissurs) Despite such omissions, 
the detailed instructions given for the various stages 
in the preparation of the more common paraffin wax 
sections, namely fixation, dehydration, clearing, 
embedding and blocking out of the tissue, the use 
of the microtome, and the staining and mounting 
of the sections, should prove of value to technicians 
and others with Little practical experience in this field 

The book is rendered less attractive by poor 
English and sentence construction, and unfortunately 
the standard rxhibited by the photomicrographs is 
not maintained in the line illustrations 

M Webb 

Books to Come 

Metallographie des Magnesiums und seiner tech- 
rnschcn Legierungcn, Second edition w bulkan 
and E tAHRENHORxr (nn 139 pp, 850 tHus) 
Berlin Springer-Vcrlag DM 1630 
Petrology of the Igneous Rocks, Tenth edition The 
late f H, hatch, a k and m k wells {fGgpp, 
151 tllus, deny 800) London George Allen and 
Unwin Ltd 85s net 

Modem Interferometers c candler (e 500 pp, 
xllus, royal 800) London Hilger and Watts Ltd 
Hilger Division c gas 

Roads Their Alignment, Lay-out and Construction 
R a batson (884 pp, tllus, royal 8vo) London 
Longmans, Green and Go Ltd sis net 
Die Erzminerahen und lhre Verwachsungen p 
ramdohr {c goo pp) Leipzig Akademie-Verlag 
DM7000 

Elektronenoptik, I Gvundlagen der theoretnehen 
Elektronenoptik a ruitbrholz {856 pp, 118 

* Ums) Basel Verlag Birkhauser. SFr sgoo 
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Azobenzene Part I Vapour Pressure of Cis- 
and Trans-azobenzene 

N F H BRIGHT, BSc,PhD,ARIG,T CARSON ind T A DVSON 

The vapour pressure of pure as and tram isomers of azobenzene have been measured by an 
effusion technique over the temperature range 30 to 6s n C The results for the two isomers eon 
be represented by Ike equations log U) p -- — (3,91 i/T) + 9721 for the trans isomer and 
iogio p = — {3*9? 4IT) + 9 652 for the cis isomer , where p is in mm of mercury and T 
is the absolute temperature Both isomers can be vaporized within this temperature range 
and recondensed without observable interconversion 


In view of the application of azobcnzenc in the held 
of pesticide dispersion by the smoke tc< hniqui ■•*, it 
was considered of interest to determine its vapour 
pressure over a convenient range of temperature 
The subject u also of more fundamental interest m 
that doubt has been expressed recently concerning 
the separate existence of the two geometrical isomers 
of azobcnzenc 4 

The practical aspect of the problem was to provide 
data for assessing the toxicity of the vapour and the 
risks involved in handling the solid, and also to give 
some guide as to the persistence of the material when 
laid down as a peslictdal deposit irom smoke The 
product commonly available for commercial pur¬ 
poses contains approximately 98 per cent of the Irons 
isomer Hence it was decided to study the vapour 
pressure of the pure trans isomer, to provide data to 
answer the practical problem, and also to include 
measurements on the pure cis isomer owing to their 
fundamental interest 


EXPERIMENT AL 

The isomers were prepared from commercial azo¬ 
benzene according to a method which combines that 
of Hartley* with that given by Cook* , details arc 
as follows, 


7>au-azobenzenc was prepared by fractional precipi¬ 
tation with water from an acetone solution of com¬ 
mercial azobenzene, m pt G8°C Analysis found 
(by microanalyns) C 790%, F 
Calculated for C ia H lt N a , C 79 1 *5i 
Gu-axobenxene A saturated solu 
weight) of commercial azobenzene in 500 ml acetic 
aad containing 10 ml water was exposed to sunlight 
for a hr in a flat enamelled dish covered with a sheet 
of plate glass The frou-azobenzene was then precipi¬ 
tated by adding 450 ml of water and filtered off A 
further 500 ml of water was added to the filtrate which 
was then extracted with 300 ml of chloroform The 
extract was washed with water, dried over anhydrous 


sodium sulphate, and the chloroform evaporated off 
under vacuum The crude crystalline product so ob¬ 
tained was dissolved in light petroleum and subjected 
to chromatographic separation through a column of 
alumina The nf-dmbrnscnr was strongly adsorbed 
near the top of the colum 1 while the traxs-m zobenzene 
was only weakly adsorbed and was readily washed 
through with petroleum 1 he tu-azobenzene was eluted 
with light petroleum containing 1 % of methanol. the 
extract was washed with water and dried over anhydrous 
sodium sulphate The petroleum was evaporated off 
under vacuum and the product rccrysullued from light 
petroleum between -f 15*0 and — 15°^ M pt 70- 
7I°C Analysis found (by mirroanalysu) C 790%, 
H 5 6%, N 1 «i b% Calculated lor G ia H I0 N a , C 79 1 %, 
H 5 5%. N 154% 

The method of determining the vapour pressures 
was that involving the effusion technique originally 
employed by Knlumen 1 and later developed by 
Eokrton* for metals 

Ihe sample was heated for a known time at a 
constant measured temperature in a small copper 
vessel, 1 em diam by 95 cm long, with a tightly 
fitting lid The vessel had a small cylindrical orifice 
of known dimensions through which the azobcnzenc 
vapour could effuse as a molecular beam into a 
spate evacuated to io _# mm mercury by an efficient 
high vacuum pumping system It is necessary, in 
order that the method should be valid, for the mean 
free path of the effusing molecules at, for instance, 
the vapour pressure of the material under investiga¬ 
tion, to be long in comparison with the dimensions 
of th< orifice It can be shown that this condition 
is not obeyed if the pressure to be measured 11 
markedly m excess of io~* mm mercury 

The vapour pressure p of the material, expressed 
in mm mercury, is given by the formula 

h9m * 
p 5 83 x 10“* Wat V (Af/T) 
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where g is the weight in gm of material effused through 
the orifice, estimated by the loss in weight of the 
container, and azobrnsrae, a 11 the cross sectional 
area of circular orifice, sq cm, t the time of duration 
of experiment, sec, and T the mean absolute tem¬ 
perature of experiment, measured by means of a 
copper/cons tontan thermocouple affixed to the 
bottom of the copper vessel M is the molecular 
weight of the material under investigation, and W 
is the probability of effusion through the orifice 
without returning to the inside of the vessel, for a 
given molecule Values of W for orifices ol various 
1c ngth/rross sectional area ratio have been calculated 
by Clausing* 

The experimental values obtained are quoted in 
TabU I 
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These experimental results gave the following 
vapour pressure equations connecting log l% p and i/T 
when fitted by the method of least squares 

Trans isomer legist *= — j- | 9 721 

w 

„ . 3,914 

Cu isomer log, a /> — — 4- 0 052 

( 3 ) 

where p is the vapour pressure in mm mercury, 
and T is the absolute temperature of determinations 

* 

Discussion 


parallel, the difference between the intercepts for the 
two isomers is just significant and that it is probably 
slightly better statistically to represent the points as 
two discrete sets lying about two parallel lines rather 
than to regard them as one set lying all about one 
straight line 

It is of great importance to note that the material 
evaporated in these vapour pressure determinations, 
when rreondensed to the solid phase on a cooled 
target, was shown by infra-red analysis to be the 
same as the original material That is irons rreon¬ 
densed as tram but ai showed no detectable trans in 
the condensate and appeared identic al with the start¬ 
ing material This indie ates that both isomers have, at 
least, a reasonable stability in the vapour phase, and 
that a finite time is required, even as vapour, for 
the cts isomer to be converted into the trans in the 
temperature range 30 to 62°C 

Some further results obtained on azobcn7tne made 
by recrystalli7ing the commc rt lal material from ether 
without any precautions to exclude actinic light, and 
thus presumably containing a mixture of cu and 
trans isomers, gave vapour pressure figures approxi¬ 
mately equal to the sum of the vapour pressures of 
the two separate isomers, as would be expected lor 
a mixture of two discrete and non-interacting 
compounds 

The fact that the two compounds show additive 
vapour pressures, their stoichiometncal identity as 
shown by microanalysis and their different infra-red 
spectra 1 * all support the reality of the existence of 
the two materials as cts and trans isomers of azo¬ 
benzene and all conflict with the views of HoDGboN 4 
who considers the cts isomer to be a double com¬ 
pound of hydrazo- and azoxybcnzcnc 

The authors' thanks are due to J C Cuthtll for the 
preparation of the pure isomers 

Research Department 

In penal Chemical Industrie* Ltd 
Nobel Dwtston t Stevenston 

{Received July t<xg) 


The above equations correspond to the following 
latent heats of vaporization, assumed constant over 
the temperature ranges investigated 

trans isomer 08 2 cal/gm 
cu isomer 08 3 „ 

This shows that the two isomers have substantially 
the same latent heat of vaporization. 

Further statistical analysis of the two sets of vapour 
pressure figures shows that, raltfiough the two lines 
obtained from the equations are almost exactly 
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Azobenzene Part II: Infra-Red Spectra of Slurries of Cis- 

and Trans-azobenzene 

K S ThTLOW, B A 


Infra-red spectra have been recorded of \lumes ofcis- and Iran^-azobenzene and hydrazobenz/ene 
Key bands of the as and trans isomers have been noted , enabling characterization of samples 
The interconversion of the isomers can be followed by measurements on these bands Chnsttansen 
transmission peaks were observed in the slurries and were taken into account when interpreting 

the spectra 


In order to characterize samples of azobenzene used 
in pesticidal smoke formulations, infra-red absorption 
spectra have been record* d of cis- and /raiu-azoben- 
zenr , the work is reported in view of thi current 
interest m the grometnral isomers of azobenzene 1 
These compounds provide a good example of how 
an infra-red spectrogram can be uvd to fingerprint, 
and provide an estimate of the composition of an 
organic substance 

EXPERIMENTAL 

The samples of azobenzene wire identical with those 
used for measurements of vapour pressures 2 Because 
of the reported facile cis-+trans change of azobenzenes 
in solution, especially under the influence of ultra¬ 
violet light, spectrograms were obtained of slurries o i 
the materials ground to a paste with liquid paraffin 


band frequency and vibrations oi atomic groupings 1 
arc far leu well defined in the iormer region except 
in < ertain cases such as the v 4 ( a tt ) mode of benzene 
and associated vibrations in substituted benzene, 
where the hydrogen atoms move through the plane 
of the carbon ring Thus any assignments made can 
be only tentative at this stage 

In all the spec imens studied strong anomalous dis¬ 
persion effects were noticed at certain bands due to 
the infra-red Christiansen filter effect* In drawing 
percentage absorption curves. Figure /, from the 
recorded spectrograms, Christiansen transmission 
peaks and the assoc lated small minima on the high 
fnquency side of the absorption band concerned 
were smoothed out to present a curve that more 
nearly represtnts the absorption eontour of the 
substance 


The material was first ground dry in an agate 
mortar and was then wetted with liquid paraffin and 
further ground to a smooth paste, the operations 
being carried out in a dimly lit room in instances 
where possible isomerization might occur it grinding 
were conducted in daylight I he slurry was spread 
between rock salt plates in the desired thickness and 
placed at an external focus of one beam in a modified 
Hilger Dsog infra-red spec tromeler, operating as a 
single beam camera recording instrument 

Energy traces were obtained for the region a-1 5/1, 
from which percentage absorption plots could be 
made by the recording of the 4 background * energy 
Litde useful measurement could be made in the 
region of strong aliphatic G—H vibrations (3,900, 
1,460 and 1,375 cm -1 ) owing to ahsorption by liquid 
paraffin Also, owing to broadness of bands m the 
solid and uncertainty of background position because 
of irregular scattering, it was not felt that an accurate 
representation of the percentage absorption in the 
5-B/s region of water vapour absorption was possible 
In consequence attention was focused on the 8-15/1 
region and band positions noted wherever possible 
in the a SfA region Correlations between absorption 
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Figure 1 Infra-red absorption curves a as-azo- 
benz/m b trans-aeobenzeno ccu-aeobenzme exposed 
to sufUtghtfir two hr d hydrazfibenzp* 
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c IPPC, o 23 per cent in inert filler applied at a 60 
gm/kg of tubers 

d IPPC, o 5 per cent in inert filler applied at 2 68 
gm/kg of tubers 

e IPPC, 1 per cent in inert filler applied at a 68 
gm/kg of tubers 

Thirteen trials scattered over England and Nor¬ 
thern Ireland were completed with the results shown 
in Table III 

The results show clearly that IPPC was much 
superior to MANA in reducing sprouting of tubers 
and a 1 per cent IPPC dust under field conditions 
gave excellent results A correlation between date 
of examination and degree of sprouting exists for the 
IPPC treated tubers and this suggests that the method, 
whilst primarily of practical importance for long 
keeping of ware, is not ruled out for use on seed 
potatoes Exposure to air may rapidly destroy the 
sprout inhibiting effect 

Extensive toxinty tests arc now m progress and 
results must be awaited before IPPC can be recom¬ 
mended for use The effectiveness of IPPC for the 
purpose detailed above has also been recently 
described elsewhere 9 

A Rhodes 
W A Sexton 
L G Spencfr 
W G Tempi euan 

Imperial Chemical Industries Ltd 
Jeaktt's HiU Research Station 
Bracknell , Berks, and 
Dyestuffs Division Research Laboratories 
Blackley, Manchester 
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Bond Refractions and Bond Parachor of the 
C=N Link 

Wx have prepared four senes of liquid compounds 
containing the C=*N link and have determined the 
molecular rcfractivities for the C, D, F and G* lines 
and also the parachors The constants for the C=N 
link were evaluated with the aid of the values pre¬ 
viously reported 1 and our own unpublished figures 


Simple aliphatic aldoximes —The constants for the 
following bonds were used C—H, C—C, N—O and 
O—H (alcohols) The results arc given m Table I 

Table I Bond Rtfractmtus and Bond Parachor for C—N from 
Aldoximes 
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1 350 
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1 3 70 
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Simple aliphatic ketoxmes — The bond constants em¬ 
ployed in the calculation of those of C-N were 
similar to those for aldoximc s The results are sum¬ 
marized in Table II It will be noted that the bond 
parachor falls as the molecular weight increases 


Table If Bond Refiactwitxs and Bond Parachor for C—N 
from Ketoxmes 
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3C 
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O • Alkyl ethers of simple aliphatic ketoximes — The con¬ 
stants required were those for G—C, C—H, N—O 
and C—O (ethers) The results are collected in 
Table III 


Table III Bond Refractwihu and Bond Parachor for C—N 
from Kttoxme-O-alkyl ethers 
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Simple aliphatic ketacmes —The constants required 
for the computation of C=N were those for C—C, 
G—H and N—N (from hydrazines) The results are 
summarized m Table IV It will be noted that the 
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refrmctivities for the C=N hpk are considerably 
higher than the values deduced from the tint three 
senes this must be attnbuted to the presence of the 
conjugated system G~N—N=*C 


Table TV Bond Rtfroctmtus and Bond Parachor from 

KttOGMS 
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Ultraviolet Absorption Spectra of the 
Two Pkenylnaphikalenes 

Data are available in the literature of the ultra¬ 
violet absorption spectra of i-phenylnaphthalene and 
of 2-phenylnaphthalcne Measurements on syn¬ 
thesized and purified samples of these two hydro¬ 
carbons confirmed the discrepancies between the 
data recorded by various authors and for this reason 



A 

Figure 1 Graph qf resulit • l-pheqylnaphthaltne ui 
tsooctmt 1 2 -phenylnaphShalent in uooctane 


the lynthcw of the two phenylnaphthalenes was 
repeated and their absorption spectra were measured 
both with uooctane and ethylalcohol as solvents The 
phenylnaphthalene samples were prepared by 
Dr Sulzbacher of the Grosvenor Laboratory, 
London Both samples of 1 -phenylnaphthalene, 
GL53 and GIss* 1 , had been prepared in the same 
way by the Gngnard reaction of r-bro mo naphthalene 
and epe/ohexanone a-phenylnaphthalene GL$8 
resulted from the succinoylation of diphenyl followed 
by Clcmmenscn reduction and cyclization 2- 
phenylnaphthalene GLGo was obtained by cycliza¬ 
tion of phcnylglyrol by sulphuric acid 

The accompanying diagram. Figure i, represents 
what wc regard as being the most reliable phenyl¬ 
naphthalene spectra (concerning the purity of the 
hydrocarbons) at present Tables J and II summarize 
the absorption characteristics of i-phenylnaphthalenc 


TabU I Absorption Characteristics qf i-phenylnaphthalfne 
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7 able II Absorption Characteristics of o-phtnylnaphthalene 
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and of a-phenylnaphthalene found by various 
workers 


It would appear from these results that there was 
no appreciable solvent effect with the two phcnyl- 
naphthalencs, m contrast with phmanthrenc 4 Com¬ 
paring the reiults obtained with the two differently 
prepared samples of 2-phcnylnaphthalene we are 
inclined to think that the material GJJSo was the 
purer of the two 

W F Maddams 

R SCHNURIIANN 


Physics Department 

Manchester Oil Refinery Ltd 
Manchester 
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Mechanism of Aromatic Halogenation, 
The Chlorine Cation, Cl + 

Considerable discussion has centred on the ques¬ 
tion of the participation of halogen cations in halo¬ 
genation reactions, but significant evidence has been 
meagre 1 ”" The application of physical methods 
having recently demonstrated the formation and 
effectiveness of the mtronium ion NO+ in nitration 
reactions’, it seemed appropriate to investigate the 
mechanism of halogenation along similar lines The 
kinetic results provide decisive evidence of the par¬ 
ticipation of the chlonne cation in chlorination 

Using hypochlorous acid as the halogenatmg agent 
([HOG 1 ] s£i o ooax at 25°C) in water in the presence 
of sulphuric or perchloric acids, with special pre¬ 
cautions to eliminate the intervention of chlorine, the 
reaction is of the first order with respect to hypo- 
chlorous acid, but for the more reactive aromatic 
compounds the rate of halogenation is independent 
of the concentraUon and nature of the compound 
substituted Disregarding for the moment a 
dependence on the acidity of the solution, we have 

i>«*[HOCl] (1) 

In the presence of silver sulphate or perchlorate this 
result has been established eg for amsole (initial 
[amsole] 0 003-0 0111) Under the same ex¬ 
perimental conditions, quinol dimethyl ether (o 00411) 
and phenol (o 003-0 oo8u) gave the same rate co¬ 


efficients as amsole Thus for all these compounds, 
the first order rate coefficient m the presence of 
ooiim sulphuric acid had the uniform value 
3 1 X 10 -4 sec -1 at J5°C Variation of the concen¬ 
tration of silver 10ns ([Ag+] °= o 005-0 im) did not 
appreciably affect the rate For less reactive struc¬ 
tures, a dependence of the rate on the compound 
substituted is obsened, the rate equation becoming 

p - k [HOC 1 ] [ArH] . (a) 

The situation u clearly analogous to that in nitra¬ 
tion" For adequate concentrations of fairly reactive 
compounds the kinetically fundamental process in 
halogenation under the conditions described is shown 
to be localized in the substituting agent This process 
consists of a rate-determining fission which is faci¬ 
litated by a preliminary proton uptake 

Cl |— X ** Cl * f X (X—OH,OH t ) 

Since a measurably slow change in the reagent 
cannot depend solely on proton transfers, which are 
rapid in oxyacids, only the hetcrolysis of the Cl—O 
bond as shown could constitute a slow (and therefore 
activated) process providing ail electrophilic sub¬ 
stituting agent For compounds and conditions 
which can effect a sufficiently rapid removal of C 1 +, 
the rate of halogenation u independent of the aromatic 
substance If a change to a less reactive compound, 
or to an insufficiently high concentraUon of a given 
compound, allows the chlonne canon to approach 
a stationary concentration, the rate of chlonnauon 
becomes dependent on the aromatic compound 

A kineUc relationship of type 2 has been reported 
for hypobromous acid 1 * 4 '" By itself it is not decisive 
The observation of firit order kmcucs of type 1 and 
the change of kinetic order 1 -► 2 has, however, the 
same importance for halogenaUon as the similar 
ducovcnes for nitration and for alkyl halide hydrolysis 
had for the mechanism of these processes Just as 
these kinetic obscrvaUons established a rate- 
determining heterolysis to give either the nitronuim 
ion or a carbon mm ion, so the present results demon¬ 
strate the formaUon and effectiveness of the chlonne 
caUon in aromatic chlonnation under the conditions 
described As in nitration •• 1B the transformation 
of the cationic reagent into an aromatic substituent 
u considered to be a two stage process, the proton 
Ion having no kinetic significance 

1 M . 

Cl+ 4 - ArH—► Ar+< —> ArCI + H+ (a much 

\ci 

faster than 1) 

It is not our thesis that halogen cations are universal 
precursors in halogenation reactions Conditions were 
chosen which would suppren the incursion of other 
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powble mechanisms # g one depending on the inter¬ 
vention of molecular chlorine, the formation of which, 
from hydrochloric and and hypochioroua acid, wai 
observed by Soper and Smith 11 to be the rate- 
controlling process w the chlorination of certain 
phenols 

Similar investigations with other halogenating 
agents are in progress* 

P B D de 1 a Mars 
L D Hughes 
C A Vernon 

Sir William Ramsay and 
Ralph Forster Laboratories 
University College 
London , W C t 
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Causes of Dental Canes 

In a senes of investigations 1 “ a deposition of calcium 
•alts in osseous tissues was found to be brought about 
by means of minute quantities of the trace elements 
strontium and vanadium, whereas these deposits are 
earned away again by means of traces of zinc and 
thallium or banum and thallium When the normal 
balance between the processes is disturbed the teeth 
are subject to dental canes The enamel of the 
teeth in places where holes afterwards appear 
becomes clear and transparent because the under¬ 
layer of calcium deposit has disappeared The 
elements fluorine, silicon, and beryllium were found 


to be without significance for these processes The 
experiments were performed with young rats and 
young guinea pigi and limited to ninety days Some 
elements might have been supplied to the young 
animals by their mothers, or they might prove to be 
of significance dunng a prolonged experimental 
period In general fluorine seemed to have a certain 
bearing upon the problems of dental caries 

It u known that the fluorine content of teeth 
enamel is higher than in the inner osseous tissues of 
teeth, both in man and experimental animals It 
has also been proved that in districts where there 
is a certain fluorine content of drinking water etc 
the frequency of dental canes is lower On the other 
hand, when the fluorine content of dnnking water is 
too high it has an unfortunate influence on teeth 
enamel Brushing the surface of the teeth with 
fluorine compounds has also been tried with some 
success 

A further senes of experiments was earned out 
using the methods already desenbed , it was applied 
to pregnant, newborn and older varieties of the same 
experimental animals 

The results of all these experiments may be sum¬ 
marized as follows 

/ the osseous tissues of the inner part of the teeth 
are continually renewed, the calcium deposits 
according to the processes mentioned above and the 
organic constituents according to other processes 
which will be described in subsequent papers Both 
processes occur for as long as the substances needed 
are supplied m sufficient quantities, and for as long 
as the enamel is intact Fluonne docs not seem to 
be indispensable for these prot esses 

2 the enamel of the teeth needs fluorine for its 
proper formation Teeth are covered with rnamcl 
dunng growth, before they emerge from the jaws 
this enamel is only very slightly renewed dunng the 
subsequent life of the teeth, fluonnc-containing 
substances bring earned towards the surface when 
the other calcium deposits are earned away from the 
teeth 

3 when the normal processes in the teeth are 
disturbed, causing too little calcium to be deposited, 
the underlayer of enamel disappears, making the 
enamel more subject to outward attacks This 
explains why a sufficient supply of fluonne (or 
fluonne brushing) is not always helpful 

4 when too little fluonne 11 supplied dunng 
enamelling of the teeth the enamel becomes less 
resistant, hence sufficient calcium deposits are not 
always a protection against dental canes 
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5 the fluorine must be supplied before or during 
the enamelling of teeth At other periods a fluorine 
supply 11 not so useful, too high a supply being 
plainly harmful because it is deposited along with 
the calcium deposits and earned towards the 
enamelled surface 

6 silicon and beryllium were not found to be of 
any significance in these experiments 

O Rygh 

Private Kjcmuke Laboratonum 
Bhndtm , Norway 

(Received March IQ50) 
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Surface Effect Occurring on High Carbon 
Steels Heated and Cooled in Vacua 

Very little attention appears to have been directed 
to surface changes taking place during the heating 
and cooling in vacua of polished metallographic 
specimens 

Some work is however at present being earned 
out in these laboratones upon such changes, with 
particular reference to carbon steel* 


It has been observed that hypereutectoid steels, 
heated into the austenite region and cooled in high 
vacua, become covered with a gre>-black film, 
which on a steel of 1 15 per cent carbon content 
extends over approximately 90 pc r cent of the surface 

I he nature of this 
film has been investi¬ 
gated by electron 
diffraction (incident 
beam), x-ray powder 
photography and frit - 
tion measurements 
These investigations 
prove conclusively 
that the film consists 
of graphite Figure / 
(x 100) shows the 
general appearance 
of a previously 
polished surface of a 
hypereutectoid steel 
after heating at 
i,ooo°G for 2 hr and 
cooling at approxi¬ 
mately io°C/nrun in 



Figure / Prevwufy poll died 
surface qf a 1 per cent carbon 
steel after heating to /,ooo°C 
and cooling in a vacuum 
Magnfaatum x 100, reduction 
factor | on reproduction 


a vacuum maintained 
throughout the ex¬ 
periment at, or better 
than, lo -1 mm Ilg 
The detailed analysis 
of the steel (per cent) 
is as follows carbon 
1 15, silicon o 18, 
manganese o 33, 
phosphorus o 096, 
sulphur o 039, nickel 
o 13, chromium o 09, 
molybdenum, less 
than o 03, copper 
o 11 

It will be seen that 
a large part of the 
surface is covered 
with a grey-black film of graphite Some parts, 
however, are still bright and have general shapes re¬ 
sembling austenite grains It will also be seen 
that these bright regions arc occasionally crossed 
by bands of graphite which are presumably traces 
of former austenite twins It would thus appear 
that the film is related crystallographirally to the 
austc mtr grain structure which the steel possessed at 
i,ooo°C Figure 2 (x 500) shows the nature of the 
surface m more detail under slightly obliqued 
illumination The twin band relationship is again 
shown and the uneven nature of the graphite film h 
apparent 

Careful control experiments have shown that the 
graphite formation is not due to deposition from a 
vapour phase, or to contamination from any external 
source such as refractory materials It appears to 
be an inherent and characteristic reaction which 
can take place on the surface of high carbon content 
plain carbon steels No traces of graphite can be 
found in the interior of the steel I he extent to 
which the film formation takes place diminishes as 
the carbon content is lowered, but it has been 
observed to a small extent upon steels of eutectoid 
carbon content (o 83 per cent) 

The phenomenon is being investigated further, 
together with changes taking place when lower 
carbon content materials are treated similarly, and a 
more detailed account will be published later 

One of the authors {M J 0 ) acknowledges financial 
assistance from the Ministry qf Education 

G G Surra 

University qf Cambridge M J Olney 

Department of Metallurgy 
Pembroke Street 

Cambridge (Received March iggo) 
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Outer BnUouin Zones for the Face Centred 
Cubic, Body Centred Cubic and Close Packed 
Hexagonal Structures 

Ai though the forma of the first Bnllouin zones for 
a number of metallic structures have been described 
in several books 1 the forms of the outer zones have 
received little attention In the course of theoretical 
investigations on the alloying behaviour of polyvalent 
metals, and m particular of titanium, it has been 
necessary to examine the nature of these outer zones 
and the purpose of this letter is to describe the results 
of this examination 


Fact centred structure — The first zone is formed by 
the planes of type {111} and {200} m A-space and 
has a volume 4 /a 9 , where a is the latti< r spacing , 
the zone corresponds to two electrons per atom and 
overlap from this zone into the next takes place 
across the {111} faces The next outer zone must be 
formed by the addition of an extra volume, enclosed 
by planes of energy discontinuity, on to the {HI} 
faces, and also on to the {200} faces The second 
zone therefore takes the form of Figure /, which is 
constructed from the {111} and {2(H)} planes, to¬ 
gether with a small contribution from the {311} 
planes, which cut off the tips of the outermost {111} 

pyramids This 
■ volume Iks wholly 

within the volume 
enclosed by planes 
of the type {220}, 
and also wholly 
within the volume 
enclosed by com¬ 
binations of planes 
of (*■ + ** + /«) 
> 11 Neglecting 
the small volume 
cut off by the 
{311} planes, the 
volume of the zone 
in Figure 1 is 8/a 9 , 
corresponding to 
four electrons per atom An inscribed sphere of 
maximum radius would touch the edges of the {111} 
octahedron (points a) at r * 3/aa\/a which corre¬ 
sponds with a 49 electrons per atom With this 
number of electrons per atom, however, the actual 
Fermi distnbuUon within the zone would be expected 
to be far from spherical 



bigun 1 Outer gene for face 
centred cubic structure 


Body centred cubic structure t— Here the first zone is 
bounded by {110} planes in ft-space and has the 
volume 2/a 9 corresponding to two electrons per atom 
Extra volumes cannot in this case be erected on the 
{110} faces by extensions of the planes already 
present, and the next outer zone must be bounded 


by a new set of planes The set of planes next nearest 
to the origin of A-space 11 the {200} set, which forms 
a cube, of volume 8/a which totally encloses the 
first zone 1 his cube is, however, intersected by the 
{211} planes so that the second zone, bounded 
everywhere by planes of energy discontinuity, has 
the form of Figure a Its volume is y/a 9 (corre¬ 
sponding to seven electrons per atom), and the 
maximum inscribed sphere touches the {200} faces 
at a radius of i/a (corresponding to 4 189 electrons 
per atom) This rone lies wholly within the volume 
formed by the nrxt set of planes, of the {220} type 

(lose packed hexagonal structure — 1 he forms of 
Brilloum zones for 
tins structure vary 
according to axial 
ratio and cannot be 
uniquely defined 
owing to the complex¬ 
ity of the structure 
The first zone may 
be regarded as bound¬ 
ed by {10l0} and 
{0002} planes , or 
alternatively by 
{10l0}, {0002} and 

{1011} planes' A 
possible next outer 
zone may be constructed from these three planes, to- 
gether with planes, of the type {1012} The ralculations 
have been earned out lor the axial ratio characteristic 
of titanium (1601) and the form ol the zone is shown 
in Figure j Its volume is 1 B'i/a*, corresponding to 
a 57 electron! per atom 1 he inscribed sphere, which 



Figure 2 Outer zone for body 
centred cubic structure 



Figure 3 Outer zone for close pocked hexagonal 
structure 
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touches the figure at the cor n ers of the hexagon in 
the equatorial plane, corresponds to 1 73 electrons 
per atom It is possible that the small re-entrant 
portions round the equator should also be included 
in the second zone, m which case the volume becomes 
1 8 9/a 9 Such a zone, however, is of limited interest 
for studies of 
titanium, which 
has four valency 
electrons per atom 
An outer zone 
corresponding 
roughly to this 
number of elec¬ 
trons is formed by 
the {1012} and 
{ 1120 } planes, Fig¬ 
ure 4 Thu has the 
volume 3 72/0* and 
corresponds with 
3 13 electrons per 
atom The inscrib¬ 
ed sphere of 
maximum radius 
touches the {1012} faces and corresponds with 3 59 



Figure 


Close picked 
ZfiM containing 4 
electrons per atom 


electrons per atom If overlap takes place here it 
will be into a next outer zone bounded by {loll} 
planes and the existing (1 liO} planes The inscribed 
sphere to thu outermost zone would corre s p on d with 
3 81 electrons per atom It seems, therefore, that m 
considering the alloying behaviour of_ hexagonal 
titaniurn, the zones bounded by the {I0I2}, {llSO} 
and { 1013 } planes may be of importance 

This work forms part qf a more general programme , in 
connection with which grateful acknowledgement ts due to 
Imperial Chemical Industries Ltd for generous support 

R L Berry 
M B Waldron 
G V Raynor 

Department qf Metallurgy 
University qf Birmingham 

{Received March 1950) 
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Commentary: 

Mathematics in the Larger Context 


One of the general principles which runs through higher mathematics is called 
the principle of duality: usually this is first encountered in geometry. The 
principle is interesting and intriguing ; it Is easily grasped if properly presented, 
and it occupies a strategic [dace in that region of geometry which is entered by 
anyone who goes beyond the isolated propositions of an ordinary school course 
on triangles and circles. The principle can be described in various ways * suppose, 
for example, that a geometrical figure is drawn upon a sheet of paper consisting 
of lines, points and curves disposed at pleasure Suppose further that the figure 
illustrates some particular property, as that certain of its points which are 
apparently disconnected he upon a straight line. Then it u always possible to 
draw another figure related to the first and such that for every particular point 
of the first there is a particular line of the second, and, further, that the second 
figure exhibits a related property, as that certain three of its straight lines which 
are apparently disconnected pass through one point In such a case one figure 
is said to be the dual of the other, and the properties also that the figures repre¬ 
sent are said to be duals of each other 


Accordingly we have two figures F and G possessing certain properties P and 
Q, such that when the figure F is changed into the figure G then the property 
P is changed into the p r operty Q, Some definite prescription is of course needed 
to bring about this change of state from F to G. In the earliest instances this was 
done by invoking certain simple facts of circles and conic sections For instance, 
as Vista was perhaps the fust to show, the figures might be spherical triangles, 
the lines being great circular arcs The north pole and the equator on a sphere 
are go° apart let us say that the equator is the dual of the pole. Every point 
upon the surface of the sphere has its dual line go° away from it Mark three 
points upon the sphere, and they form a spherical triangle Treating each point 
in turn as a pole, draw its equator; thus we have three great circles, area of 
which together form another spherical triangle, the polar tnapgle of the first 
tnangle, the points of the one corresponding to the sides of the other. Thu u 
a simple example of the duality subsisting between figures F and G. Without 


going into technical details we may assert that one characteristic of such a pair 
of dual figures is tjie reversibility of the change from the one to the other : we 
may proceed indifferently from F to G or from G to F, and unless this is possible 
the figures are not truly dual of one another. Again, suppose that t£ m» truth 
of the property Pu known ; then that of Q, can be inferred, and again this passage 
u reversible, from the truth of Q, can be inferred that of P. To embark on 
this principle may indeed prove to be a voyage of discovery. Someohe may 
assert the proposition Qof the figure G, and it may sound abstruse and strange . 
but it is always open to examination by the principle of duality. It translates 
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Mathematical Tnpos had, to his delight, 
reciprocated into the well known orthocentric 
property of a triangle and the truth of the one 
implied that of the other 

The next point to notice 19 the character of 
the change from F to G It is abrupt and 
catastrophic In this n is essentially distinct 
from other processes of transformation which 
play a prominent part both in mathematics and 
in the physical sciences Projection is indeed 
an important geometrical device which alters 
one figure into another, foreshortening this circle 
mto that ellipse, lengthening this line, reducing 
that, but m the main never altering a point to 
anything but a point The gradual piocessts 
of evolution, the comparison of this shape with 
that, as when Sit D’Arcy Ihompson compared 
two fishes, the scarvs with the pomacanthus , be¬ 
longing to neighbouring families, by using a 
conformal transformation that mapped the 
shape of one creatine upon the other, the 
telescope that focuses a star cluster upon a 
photogiaphic plate—all these aie types of a 
mathematical principle which exhibits con¬ 
tinuity, progiess and difierentiation within a 
process of change that proceeds by degrees point 
by point This point in figure F becomes this 
point upon its map M, in complete contrast to 
the raihet change from F to G when this point 
becomes that line Mercaior contrived a rec¬ 
tangular map of our spherical world where 
admittedly two isolated points, the north and 
south poles, are transformed uito lines, so that 
their neighbout hoods receive undue prominence 
in sheer aiea upon the map but this is excep¬ 
tional for projective transformations Isolated 
points may 1 el use to be focused On the con- 
traiy it is universal for the principle of duality 

s4lf-duality 

Wt must distinguish between the change from 
F to G that has been described as #>rupt, and 
the actual aspect of the figures Indeed, they 
may look alike they may even coincide In 
the case of a spherical triangle consisting of a 
quai ter hemisphere comprised between the 
north pole and two points that are situated 90° 
apart upon the equator, the Uiangle would be 
its own polar triangle, lor each of its aides is 
90° away from the opposite vertex accordingly 
this figure is its own reciprocal, and 11 called 


self-dual, so that F and G are now the selfsame 
figuic So far the suggestion has been that some 
geometrical device has been necessary for pro¬ 
ducing this duality, analogous to the use of an 
optical instrument which projects the object 
mto its image But the fact that in certain 
instances the figuie may be its own dual leads 
to a more abstiact idea, namely that no 
mechanism is necessary for producing a gco- 
mctucal duality , the duality may reside in the 
very texture of space itself and this is the view 
that has come more and more mto prominence 
durmg the last hundred years of gcomttiical 
thought Take the triangle it is a simple affair 
of three points, but it is also three lines, the 
points constituting its vciuces and the lines its 
sides Just as two vertices lie on one of its lines, 
so also two sides pass through one of its points 
and any such single statement cast mto this form 
can be balanced by another statement, its dual, 
wherein the words 1 line ’ and ‘ point * inter¬ 
change then roles The example i& absurdly 
simple it none the less contains the germ of a 
vast and wonderful system that unfolds from one 
dimension to another In this way we amve 
at the conception of a set of propositions A, 
which are clear and precise , another and parallel 
set of propositions B, which aie equally clear 
and precise that both sets belong to an in¬ 
clusive w hole that there is an interplay 
between them and a perfect balance that each 
set enriches the other, the known pioposition 
of the one set leading to the discovery of its 
counterpart in the other Books of geometry 
have appeared with such propositions displayed 
in parallel columns on the same page like the 
old editions of £ucltd with a Latin translation 
alongside the Greek Mathematicians are apt 
to take this duality for granted and not always 
to reflect how remarkable it is 

DUALITY IN THREE DIMENSIONS 

So far we have been considering duality upon 
a plane or a surface, two dimensional duality 
in fact, wherein the simplest example of a self¬ 
dual figure is the triangle But three points do 
not always form a triangle , they may lie m one 
line, and here the duality breaks down Curi¬ 
ously enough this exceptional circumstance 
lends itself to the next example of a self-dual 
figure, which is obtained by,taking not one trio 
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of such points, but a pair, namely ABC in one 
line and DEF m another Ime of the plane By 
joining these points crosswise we can obtain 
three new points XYZ, X where BF meets CE, 
Y wheie CD meets AF, and Z where AE meets 
BD It is then the cast that XYZ also an in 
line Such a figure was known to Pappus, a 
geometer oi the late Greek period (ad 300), 
and it is said to be self-dual It has nine points, 
each the meeting place of three of the lines, 
while it has nine lines, each containing three 
of these points Much could lie said on the 
significance of this nonet the figure is funda¬ 
mental for contemporaiy geometry Ihe 
property displayed by this figure was doub^ess 
fit6t found out by the metrical methods of 
Euclid subsequent study has shown th it in 
systems other than that ol Euclid the piopeity 
continues to hold, where more familiar piopei lies 
fail This suggests that it has a deeper signifi¬ 
cance To accept it as a primitive tact and thtn 
to deduce its fruitful implications whu h include 
many anothci well known fact is in the end a 
simpler procedure than to start in more tradi¬ 
tional ways with the concepts of distance and 
length, for they have had to be revised and 
modified to suit the requirements of physics 
A N Whitfhfad has described geometry as the 
science of cross classification, a piofoundly apt 
description In this ninefold figuie of Pappus 
we have a perfect symbol exhibiting this truth 
with emphatic oimphcity, a kind of geometrical 
constellation of Onon 

Duality gains interest as dimensions are 
added In three dimensions the line which was 
the dual of the point in two dimensions is now 
found to be self-dual, while the plane is the 
dual of the point, and vtce versa The thice 
vertices of a triangle are now the dual figure 
of the three plane faces of a corner, the three 
edges meeting at the point of the corner and 
corresponding to the three lines forming the 
sides of the tnangle This common number 
three is to be expected of the lines, for in the 
duality line becomes line The simplest self-dual 
figure 11 now the tetrahedron which consists of 
four points and four planes, each plane con¬ 
taining three of the points and each point lying 
ui three of the planes It also has six lines, 
each containing two of the points and lying in 
two of the planes Engineers make use of such a 


three dimensional duality when they draw a 
force diagi am G to illustrate the forces belonging 
to a framework of light rods m equilibrium 

DUAI ity in hioher dimlnsions 

As one proceeds to four and higher dimensions 
duality persists, only it enlarges Ihe dual of a 
pouit is not always the same thing, as we have 
seen, for it is a line in two and a plane in three 
dimensions In this way a chain of dualities 
is suggested, and we may envisage a nest of 
spaces, stalling with a point within them all, 
then a line containing the point, then a plane 
containing the line, then a solid containing the 
plane, and so on to n dimensions within which 
the whole set of these items is imbedded I he 
last but one space, which is of (« — 1) dimen¬ 
sions, is called a prime, and a pnme is the dual 
of a point relative to these n dimensions so 
that a pnme is a lme, plane, or solid according 
as n takes the values a, 3, or 4 respectively 
All the smallei dualities belonging to the im¬ 
bedded spaces of fewer dimensions are partial, 
compaied with the fuller duality that belongs 
to then all embracing space In this space there 
are as many primes as there are points and 
any geometrical figure may be analysed into its 
constituent points, or again and by the dual 
pioccss into its constituent primes This may 
be illustrated m another way by considering a 
plane curve either as the totality of its points 
or as the envelope of its tangents 1 hus a curve 
may be drawn by a pen on paper pointwise 
it may equally well be cut out by a pair of 
scissors, line upon line, pnmewise Or, again, 
we may liken these analyses, the punctual and 
the primal, let us say, to the technique m 
fashioning a work of art the painting 15 
punctual, the sculpture is primal 

While it is impossible mathematically to 
divorce these two modes of analysis yet it is 
undeniably true that the one which is here 
called the punctual is far commoner m practice 
than the other The history of the physical 
sciences from Epicurus to the twentieth century 
exhibits this The notion of elementary par¬ 
ticles is fruitful, whether they be those of earth, 
air, fire and water, as the Ancients thought, or 
the atoms and molecules of yesterday, or the 
electrons and neutrons and the like In many 
cases it is natural to analyse a system into its 
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constituent points , yet there arc cases when the 
reverse is true The shapes of the bright 
caustics formed by reflected light are properly 
regarded as curves enveloped by the rays, m a 
primal manner The punctual analysis though 
equally applicable is by comparison artificial 
But in the realm of growth and form both 
analyses are significant The seed, the stem and 
the leaf of a plant suggest two ways of studying 
the three dimensional shape, the one pointwise 
microscopically and the other plancwise 

So far it has been assumed that the space is 
of a finite number of dimensions within which 
the prunes exist as spaces of penultimate dimen¬ 
sion, the relation between points and prunes 
constituting the duality If, however, the space 
is of an infinite number of dimensions—such as 
mathematicians conceive when they speak of 
Hilbert space, named after the pioneer who 
first seriously studied it—then it is possible for 
this duality to break down The matter is not 
altogether abstract inasmuch as the technique 
of infinite matrices with which M Born and 
W Heisenberg investigated quantum mechanics 
leads to this mathematical concept It would 
take us too far afield to consider here the possi¬ 
bility of a transfinite duality applicable to an 
infinity of dimensions 

DUALITY IN OTHER BRANCHES Ofr 
MATHEMATICS 

From geometry the principle of duality passes 
to other branches of mathematics Through 
analytical geometry a figure can be examined 
pointwise by sets of numerical coordinates that 
must satisfy ceitain algebraical equations Thu 
algebraical apparatus then belongs \o the figuie 
which is its geometrical interpretation But the 
same apparatus, by the nature of its construc¬ 
tion, also belongs to a dual figure, and the latter 
is simply obtained by a judicious interchange 
of the loirs played by the numerical symbols 
that occur in the 1 algebra Just as duality was 
found to be an mlierent property of space, so 
in algebra and arithmetic it again appears as 
an inherent property of number A simple— 
but not quite obvious—numerical instance is 
exhibited by comparing the numbers 41532 — F 
and 25413 ■“ C, each consisting of five digits 
Here there is a duality between the value and 
the position of the digit The 4 In the fiist place 


of F answers to the 1 in the fourth place of G r 
the 1 m the second place to the 2 in the first 
place, and so on Whichever of F and G is 
given the other may be recovered by the simple 
interchange of value and place 

DUAL HYPOTHESES 

Thu mathematical duality is not a case of 
competing theories, where one u right and the 
other 15 wrong one cannot take sides in favour 
of hypothesis P and against hypothesis Q, nor 
hold either or both provisionally until further 
evidence is decisive one way or the other The 
characteristic description of their relationship u 
that of in and through but not of for or against 
They are contemporaneous and complementary 
Between them there is indeed interplay, but it 
is not the play to win or to lose or even to draw 
Nor 13 it true that one branch of the inquiry 
is analytical and precise while the other is vague 
and dreamy each u in fact a true analysu, 
and its existence necessitates the other Never¬ 
theless each can be followed for its own sake 
without necessarily forcing attention upon the 
othei There is something akin to this in the 
story oi physics during recent decades The 
punctual analysu that has led through the atom 
to the fundamental particles of matter has had 
tp defer to another, let us say the primal, 
analysu that views the electron as a wave 
Are these to be reckoned conflicting theories 
that must be followed l separately on different 
days of the week, as used to be said, or u it 
possible that both are right for deeper reasons 
than have yet emerged 7 

The work of A N Whitehead and B 
Russell has led to a new understanding of the 
philosophy of mathematics out of which have 
arisen several schools of thought In one school 
it u held, as Russell has taught, that mathe¬ 
matics is fundamentally a branch of logic 
another school asserts that logic u part of 
mathematics Here appears a flat contradiction, 
yet in each case the conclusion has been reached 
by careful and exhaustive analysu A further 
examination of the fundamental assumptions of 
mathematics and of logic may some day disclose 
a principle of duality m a larger context, no 
longer within mathematics itself but including 
mathematics and logic as dual aspects of a 
nchei reality 
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SEMANTICS 

Grammar and rhetoric of old were fundamental 
for education. Nowadays the new science of 
semantics has grown, to meet a need for pre¬ 
cision m language, and to bring to bear upon 
the world of letters the same penetrating 
analysis as that with which Whitehead and 
Russell explored mathematics Semantics have 
been elaborated in an attempt first to disclose 
and then to abandon unnecessary assumptions 
According to this discipline words being the 
symbols of thought have, as it were, to be 
sterilized in order to remove from them their 
allusive power This is indeed an important 
undertaking and it is an excellent example of 
a thoroughgoing punctual analysis but there 
is everything in mathematics to suggest that the 
treatment is misleading by remaining incom¬ 
plete A primary approach is also nerdrd 
and the existence of geometrical duality suggests 
how this might come about It is a fact that 
duality is inherent in language and at all levels , 
and a fruitful exploration oflanguage is possible 
with this fact in view For example duality 
appears at the level of single words, as between 
the word * all 1 and the word ‘ this * We may 
speak of all honest acts or again of this par- 
ticulai honest act, of honesty itself or of an 
instance of honesty Woids must change to live, 
and a word once fixed becomes useless for 
purposes of art, we may add, foi purposes of 
science also 

Duality appears at higher levels than single 
woids, as in the relationship between the pro¬ 
nouncements of the scientist and those of the 
poet, between the theorem and the proverb, 
between faith and works, between the letter and 
the spirit It appears in the contrast between the 
two great language systems of the Chinese and 
of the West The naive attitude that transla¬ 
tion from one language to another may proceed 
word for word breaks down at the most elemen¬ 
tary stage m an attempt to bndge a gulf 
between the East and the West The fidler 
understanding comes when both systems of 
thought are recognized as possessing the two¬ 
fold character k ynth a different emphasis between 
the branches of the duality, and when the 
liaison is attempted between the meanings 
underlying the' verbal expressions and not 
initially between the words themselves 


SOCIAL IMPLICATIONS 

Geographical contrast of East and West is not 
a relation of duality, neither is left and right 
for the essence of the dual relation is that of 
coexistence and of interpenetrability in one or¬ 
ganic whole This duality or reciprocity is 
inherent m reality, and resides m the texture 
of the world Failure either to recognize it or 
to admit it leads to antagonism Thu has a 
bearing on what a German worker speaking 
publicly in England has recently said * In 
1918 in Russia the class war was fought with 
machine guns, artillery and aeroplanes In this 
second half of the twentieth century the atom 
and hydrogen bombs have brought a new factor 
into man's environment class warfare now 
means world war with atom and hydrogen 
bombs which would result in the complete 
destruction of East and West and the rum and 
misery of all classes, most of all the workers in 
eveiy nation Anti-communism merely in¬ 
creases the strength of the communist forces 
What is needed is a more powerful, satisfying 
and attractive ideology lived out and applied 
to the social, industrial and international order 
by everyone m the Western democracies as a 
prelude to bnngmg it to the East * 

Upon the history of the last foui centuries and 
the present state of the world in all its turmoil 
and uncertainty mathematics has light to throw 
hirst it shows, in its principle of duality, the 
possibility of a fundamental unity that does 
violence to neither wing of the theory but re¬ 
quires them both and next it exhibits self 
consistency within a one-sided interpretation of 
circumstances which nevertheless is imperfect 
and still requires the richer interpretation lying 
outside the single wing It is a repaying adven¬ 
ture to step out into the larger world and with 
these lessons at heart to consider the relation 
between the individual and the community, to 
reflect how individualism has failed as the em¬ 
bodiment of a punctual analysis that ignores 
the primal, and how collectivism has failed 
being an experiment m the primal analysis that 
ignores the personal and then to reflect how 
a unity which includes them both has been dis¬ 
covered m the more excellent way that illumines 
the things within, in the heart, and without, m 
the world. 

, H. W. Tubnbull 
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Knowledge of the behaviour of conduction 
electrons in non-metals is of importance for a variety 
of purposes , for instance, ra conne etion with semi¬ 
conductors, photoconducting insulators and dielectric 
breakdown It is only recently, however, that an 
understanding of the more basic properties has been 
gamed, and there seems to exist considerable un¬ 
certainty as to the way m which electrons in such 
substances should be imagined to act. In the present 
review it is hoped to clarify some of the more 
elementary problems 

All substances with which we are concerned here 
are non-conductors when in the ground state They 
conduct, however, when electrons have been brought 
into the so-called conduction levels either thermally 
or by some ionizing radiation or through the in¬ 
fluence of a strong electric field These electrons 
may emerge from lower energy levels of the pure 
substance, or they may be closely connected with 
the existence of lattice defects or admixtures of 
foreign atoms in minute concentration Questions 
relating to ionic crystals have been discussed by 
N F Mott and R Gurney 1 

In the conduction levels electrons would behave 
very nearly like free electrons if their interaction 
with the material and with each other could be 
described by a periodic potential field the only 
alteration then required would be the replacement 
of electronic mass by an * effective * mass To find 
the actual behaviour we must thus look for de¬ 
viations from strict periodicity, due either to 
i displacement pf ions and atoms of the lattice or 
8 interaction with other elections s will naturally 
be of considerable importance if the density of con¬ 
duction electrons 11 comparatively high In the 
following we shad thus consider first some properties 
of individual electrons in pure substances , secondly, 
as an example of co o perative properties, we shall 
investigate some flbcasse i in which the number of 
conduction c lections vanes with time 

SLOW ELECTRONS IN IONIC CRYSTALS 

In this section we shall investigate the properties of 
electrons in perfect ionic crystals in a concentration 
so low that collisions between electrons become 
unimportant Deviations from the behaviour of free 
electrons arise from interaction between electrons 
and tram displacements of the lattice ions such 
displacements can either be spontaneous due to 


thermal motion, or they can arise out of the inter¬ 
action with electrons Ihe former leads essentially 
to thermal scattering, the latter to a (negative) 
energy of interaction which shifts the energy levels 
of free electrons to lower values 

It is characteristic of ionic crystals that any dis¬ 
placement of charges is opposed by restoring forces 
In contrast, dipolar substances usually contain 
molecular dipoles with several equilibrium positions 
in the lattice The restoring forces in ionic crystals 
lead to oscillations in two mam frequency ranges 
an optical range, corresponding mainly to displace¬ 
ment of bound electrons and a range usually corre¬ 
sponding to frequencies of electromagnetic radiation 
in the far infra-red We shall be mainly concerned 
here with the latter range the frequencies refer to 
displacement of ions, including such electronic dis¬ 
placement as is coupled with this 

Moving point charge tn tonic lathee —To study now 
the reaction of the enforced displacement of ions on 
the motion of an electron, consider an ionic lattice 
at the absolute zero of temperature, where no thermal 
vibrations are excited Also, as an introduction, let 
us first investigate the effects of a point charge 
moving with constant velocity o through the lattice 
Ions at very large distances from this charge will be 
displaced, as with a static charge , at short distances, 
however, they will not m general have sufficient 
time to carry out the complete static displacement 
If v is the frequency of oscillation of an ion it takes 
about i/e sec to complete the static displacement 
thus, roughly speaking, ions will be displaced 
adiabatically, as with a static chaigc, if their distance 
flora the charge is huger than p/e For shorter 
distances the interaction takes the form of a shock, 
and energy is transferred to the ions It follows that 
the point charge carries with it a polarization the 
potential of which is approximately equal to the 
static potential at distances beyond p/e but which 
remains approximately constant for shorter distances 
The change of energy due to this polarization is 
therefore of the order 



where s is the static dielectric constant and \/*« tt 
the optical refractive index, provided that p/e is 
larger than the lattice distance The interesting 
feature in e xpr e w on i is the proportionality of t^e 
energy of interaction with i/p A ftirther punt 
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of interest arises from the quantization of the ionic 
oscillators the point charge can emit energy to these 
oscillators only in quanta of energy hr 

Moving electron in 1 omc lattice — The above con- 
nderatioju need be altered only slightly if applied to 
a fast electron rather than to a point charge, provided 
that the de Broghe wavelength h/mv u small compared 
with v/r , it then excites the same displacements in 
the lattice as does a point charge In view of the 
recoil from the emitted quanta hr, however, it is 
scattered into a different din etion in every emission 
process The connected change in momentum can 
be considerable, but the energy changes only by 
hr, which on the present assumption (h/mv v/r) u 
small compared with the kinetic energy Ihib 
scattering is thus nearly elastic 

Consider now the example of much smaller 
electronic velocity 1 e of much larger de Broghe 
wavelength The above considerations break down 
whenever the de Broglie wavelength surpasses the 
critical distance v/r since the electron cannot be 
considered fixed m a range smaller than h/mv>vjr 
One might tentatively try to replace vjv in (1) by 
h/mv , leading to an interaction energy of the order 

e'mv / 1 1 \ 

h \ • J ( a ) 

Clearly a minimum energy (largest magnitude) 

would then be reached when h/mv** v/r Its value 
is of the order W where 

-la« 

Thu result u confirmed by recent calculations 4 on 
the lowest energy levels in k range hr above the 
ground level, using a variational method Re¬ 
striction to a range hr simplifies the mathematical 
treatment, since emission of quanta hr u then 
impossible For a given total momentum of the 
system * electron plus ionic displacements ’ it is 
found that the wave function describing such a 
state consuts of a superposition of functions in which 
the electron and 10ns share the momentum in various 
ways In the lowest state, for instance, the total 
momentum and the average Velocity v of the electron 
vanish The kinetic energy of the electron, pro* 
porfconal to o 1 , does not, however, vanish 

The decrease E % in the energy of free electrons 
due to interaction u found from the equation 

E.{E. + - W{kr)* (4) 

Thu means that £•— W if W < hr, and W* 
(As)»ifFF>Av 

Although interaction may depress the energy 
considerably, compared with hr , it was found that 
this decrease u nearly ^dependent of the average 


electronic velocity t It follows that for our system 
the dependence of energy difference from ground 
level on v is practically the same as for free electrons 

Polarization qf medium — To clarify furthei the 
properties of this system it is of interest to investigate 
the polarization of the medium The average 
polarization vanishes, since the electron can be 
found with equal probability at any point in the 
medium Thu does not hold, however, for a more 
interesting quantity, the average polarization at a 
given distance from the electron, wherever the lattrr 
may be found In the ground state the lattrr can 
be derived from a polarization potential P shoun in 
Figure 1 as a function of the distance x from the 
electron At large distances and down to distances 
of the order (h/mv)* it behaves like that of a point 
charge At shorter distances however deviations 
occur of a type similar to those for a moving point 
charge these are due to the motion of the electron, 
which leads to the above mentioned kinetic energy, 
even in the ground state 

1 he above discussion of polarization holds in the 
first place for the ground state in which the average 
electronic velocity v vanishes, in contrast to the 
average kinetic energy In higher levels where v 
no longer vanishes we should expect little change so 
long as v is sufficiently small in fact we should 
expect an appreciable alteration only if p u so large 
that v/r becomes larger than the range (h/mr) * 


It is now understandable that the energy of 
inu raction depends so little on the average electronic 
velocity w , this energy u equal to the product of the 
charge e and the value of P at the electron position 
1 e at zero distance, the latter varying only slowly 
with v 


Self trapping - Let us assume with L Landau* 
that an electron has remained for some time m a 
small region m 
the medium 
Thu region pro¬ 
duces a certain 
average potential 
which in turn if 
acting on the 
electron would 
attract it, giving 
rise to a bound 
energy state 1 
Such a procedure 
can be made self 
consistent*’ T 
then 

an approxima¬ 
tive calculation 
of the energy of 


it 
✓ 

represents 



Figure 1 I olartzatuM poten¬ 
tial Pas a function qf distance 
x Jim the electron The 
Man Una refers to a pomt 
charge 
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interaction Ej in an approximation of a different 
type from that used in (i) Remits by S Peeax 4 
give 

0 164m# 4 / 1 _ I y 

’ “ (*/**)■ \ *« «J (5) 

instead of equation 4, which shows that 



where a 9 -* A , /47t l w l u the Bohr radius, and 
b = (hfBTthrt*)* is the length already introduced. It 
shows that as long as W < kv the previous method 
gives the lower energy This is not astonishing 
because the last method would be a bad approxi¬ 
mation if the extension of the * bound state * were 
larger than the range within which displacement 
does not immediately follow the electron This 
would result in replacement of the actual polari¬ 
sation potential by its average value fcven outside 
this range, hence the method woujd lead to too high 
values of potential energy The tame holds of the 
kinetic energy because the electron is fixed within 
a certain region when it should be with equal 
probability anywhere in the medium For values of 
W > kv, however, the approximation 11 much 
better for sodium chloride it gives a value T of 
electron energy even slightly larger than does the 
previous method—o 13 and 0 oq rv respectively 

1 o obtain self trapping two objectionable assump¬ 
tions have to be made in connection with the Landau 
method 

a It must be assumed that the whole configuration 
connected with a * bound slate * cannot move rather 
freely through the medium This would be at 
variance with the results discussed previously accord¬ 
ing to which our system has nearly the same inertia 
as a free electron Without proof assumption a u 
usually justified by the heavy ionic mass However, 
to move the electron cloud through the medium 
requires mainly a displacement of the 10ns outside 
the mam extension of the cloud We have seen that 
thu should bejtaly possible if the average velocity v 
is so small thsfr vjp is smaller than the extension of 
the cloud ft see**, therefore, that there is no 
justification for assumption a 

b According to the second assumption there 
should be a continuum above the (presumed) 
discrete ground level similar to that of an electron 
moving in a permanent field of force In this latter 
example an electron with an energy in the con¬ 
tinuum must have sufficient kinetic energy to move 
out of the range of the force It thus happens that 
the energy of the bottom of the continuum is identical 
with the lowest energy found in the approximation 
fet which interaction energy n neglected In our 


example of self induced potential an electron can 
never escape from the field of force except by moving 
very fast (The mistake usually made u to apply 
the Landau method to an infinitely extended electron 
cloud which would lead to aero interaction energy 
Here, however, the method completely breaks down, 
for its validity implies that the displacement of any 
ion is not altered while the electron moves through 
its orbit) 

It follows that in assumption b the difference 
between the energy in two different approximations 
is confused with the energy difference between two 
states We thus conclude that self trapping cannot 
exist 

Mian Jth paths — If an electric field F is applied 
to a dielectric medium containing electrons, an 
electric current 1 results which is proportional to F 
up to very large field strengths This current should 
also be proportional to the number n of electrons 
per unit volume If thus we separate off a further 
factor i % jm and wnie 

t*rnF 

tz ^ nt ( 7 ) 

the quantity t has the dimensions of time it will be 
called the average time of relaxation It has so far 
only been possible to calculate x when interaction 
between eltctron and medium can be considered as 
a small perturbation Thu includes fast (> 1 cv) 
electrons, and in some substances also electrons with 
cncrg> less than Av above the ground level Here 
the interaction between an electron and the medium 
can be described as absorption or emission of quanta 
hr by the electron connected with a change of its 
momentum (scattering) t is then the average value 
over all electrons of the relaxation time x M which 
refers to a single electron with energy E Both t 
and tj may depend on temperature The relaxation 
time T| u closely correlated with the average time 
between two collisions t e absorption or emission of 
a quantum , it also contains, however, a factor 
giving different weight to collisions according to the 
scattering angle 

Instead of the relaxation tune r f the mean free 
path defined by l M =* **0 is often introduced 
Roughly it represents the average distance which an 
electron travels before being deflected by an 
appreciable angle 

A calculation of the mean free path 1 for electrons 
with velocities of several ev gives values at the order 
of io~ s cm which increase proportionally with the 
square of the energy Below an energy of the order 
of 1 ev thu changes into first order proportionality 
with energy Formal application of perturbation 
theory in thu region leads to a simple result 4 , 
namely, 
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/. \_ l + -1}] -(8) 

where 

. . •«. _ * 

'* «-«.*• h, ( 9 ) 

On the assumption that perturbation theory is 
applicable thu equation should hold for energies E 
above several hv up to about i ev In thermal 
equilibnum at temperatures As/A most electrons 
have energies above hv Then the average mean 
free path follows from equations 8 and 9 as 

r -■ ' r «>*- c.) 

Thu leads to values of / of the order of 5 X io~* cm, 
which is much smaller than the de Broglie wave¬ 
length of thermal electrons We have thus to conclude 
that interaction in this energy region is so strong 
that the perturbation method is no longer applicable 

For most polar materials the frequency v is so 
high that temperatures below hvjk are of greatest 
interest most electrons then have energies less than 
A r above the ground level From the point of \ lew 
of perturbation theory they have insufficient energy 
to emit quanta hv but they can, of course, absorb 
them Scattering probability is then proportional 
to the density of free quanta hv in the material 
Thu leads to a temperature dependent r of the mean 
free path 

/, - l^aplkp/kT) - 1 } 

hw>kT (n) 

instead of that of equation 8 The frequency r is 
that of long longitudinal polarization waves it can 
be obtained from the frequency * r of residual waves, 
which u known experimentally, by 

*(«.) ( ,fl ) 

A calculation of l x has been given some timr ago* 
but has to be modified in view of more recent 
developments 4 Thu leads to 



In thermal equilibrium it is then found that 

for kT A* (14) 

Agreement with e x pe rim ents on cuprous oxide 19 
which was discussed previously* is improved by thu 
new formula These experiments give a value of 
/ m 95 X io~ f cm at 8o 9 K which drops to a constant 
value of io~ f cm at aoo°K and higher tem¬ 
peratures. This temperature dependence can be 
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accounted for by putting hvjk =* a8o°K in equation 
14, giving almost half the experim ental value, which 
seems very satisfactory It u also of interest that 
above aoo°K the mean free path u independent of 
temperature, as would also follow from equation 10 
The aluolute value of T following from thu formula 
u, however, much too small Thu indicates that 
the transition from the temperature dependence, 
equation 14, to the temperature independent region 
occurs at lower t em peratures than would follow 
from perturbation theory 

Finally it should be remarked that non-polar 
substances behave very differently from polar ones, 
rhe mean free path of the latter u proportional to 
i/T down to very low temperatures It has a 
magnitude considerably .larger than for polar 
materials so long as kT > hv for the latter Thu 
can be concluded from equation 10 although the 
iTKan free path u unlikely to be as small as would 
follow from this formula Below T => Av/A, however, 
when equation 14 holds, the mean free path in polar 
substances increases much more rapidly, being pro¬ 
portional to exp (hvjkT) than in non-polar ones, 
when it is proportional to i/T Thu behavioui u 
due to the decrease in excitations of the polar 
vibrations 

It must be pointed out in thu connection that 
even in polar substances there u always a certain 
amount of non-polar scattering From the above it 
follows, as has been pointed out by F Spit? 11 , that 
above or near temperature* T~hvfk, non-polar 
conti ibutiozu can be neglected if T^hv/k, how¬ 
ever, they should become important in view of their 
slower increase with decreasing temperature 

1 1 , L 

U Up# (15) 

In the above example of cuprous oxide it appears 
that the influence of non-polar scattering is not very 
strong at 8o°K J it would be of interest to look for 
it at lower temperatures At very low temperatures, 
however, a further temperature independent term 
/fcroto due to scattering on crystal imperfections or 
foreign admixtures becomes important (assuming the 
number of imperfections to be independent of 
temperature) Thus 



In the most general case, the temperature depen¬ 
dence of the mean free path of electrons in a polar 
substance, the law given by equations 17 and 18 
follows 

7 * 1 } + e ' T+e * ’ * r <* r 

, . U 7 ) 
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and 

J « c 4 + CiT-f , kT^ht 

(18) 

where the c f $ are independent of temperature 

TIIIB DEPENDENT PROCESSES 

RecombxnaHon —Amongst the questions of mterest in 
connection with the behaviour of electrons in 
dielectric substances some do not require a detailed 
knowledge of the properties of single electrons but 
are rather concerned with the whole assembly of 
electrons In this section we shall deal m particular 
with processes in which the number of electrons 
contributing to conductivity changes with time 1 * 
Thu takes place, fur instance, after an ionizing 
radiation has passed through the substance and has 
transferred a number of electrons into levels in 
which they can contribute to the conductivity 
(conduction levels) Ultimately these electrons will 
return to lower levels but the manner in which they 
can get rid of their energy of excitation has been a 
puzzle for some time One possibility, which occurs 
in phosphors, u the emusion of light /In other 
materials (non-phosphors) one might think that an 
electron transfers its energy dimtly to the lattice 
vibrations when jumping from an excited to a 
lower level Thu would involve the simultaneous 
emission of a large number of vibrational quanta 
and thus u very unlikely 

We shall discuss here another possibility, namely 
that in the first place the energy u transferred to 
another excited electron which thus acquires a high 
energy within the conduction levels It can then 
gel rid of some of the energy quickly by emission of 
single quanta in the way discussed m the previous 
section Alternatively, since colluions between 
excited electrons are rather frequent, the electron 
may first share its energy with others If in par¬ 
ticular these collisions are much more frequent than 
collisions with lattice vibrations it will be possible 
to attribute flki independent temperature T t to the 
electrons The above process then implies an 
increase of electronic temperature T t over the 
lattice temperature T, which in turn leads to an 
energy transfer from electrons to lattice It can be 
shown that this transfer u a sufficiently fast process, 
so that it is principally the recombination which 
determines the rate of transfer of excitation energy 
to the lattice 

It will be noticed that the recombination processes 
considered \n the above model are the inverse of the 
excitation of an electron m a low level by an electron 
the energy of which above the bottom of the con¬ 
duction levelk u larger than the escalation energy 


It follows that owing to these two types of proceves 
equilibrium will be approached A more detailed 
analysis shows that JV, the number of electrons m the 
excited levels, satisfies the differential equation 

t t dX fN\ <«'*) 

jfdt ’*' 1 09 ) 

where JV* is the value of N m equilibrium at the 
temperature T The value of the constant a is 
either 9 or 3, depending on whether the number of 
lower levels into which the electron decays is much 
larger or about equal to the number of electrons 4 
The above equation can easily be integrated con¬ 
sidering an initial value of i rhe decay 

time as then principally determined by the magnitude 
of the quatity t ( which is found to be approximately 
given by 

(ao> 

Here U is the smallest excitation energy and t 9 is 
the average tune required by an electron with 
sufficient energy to excite an electron from the 
lower levels For 1 ev, io~ # seconds 

since, however, exp ( U/kT ) is a very large factor, 
r f increases very rapidly with U Thus 1 5 pv 
gives — io* sec It would seem therefore that 
reasonable decay times are found unless the excitation 
energy is much larger than 1 ev 

In applying the above consideration to actual 
examples it must be remembered that most sub¬ 
stances contain an appreciable number of lattice 
defects or other imperfections near which electrons 
can be trapped frequently, then, the electrons 
will ultimately be transferred to these traps although 
they may have been removed by the ionizing 
radiation from other (lower) levels It must also be 
considered that recombination may occur in steps if 
there are discrete excited levels between the lower 
level and the continuum of conduction levels this 
would influence the form of equation 19 It seems, 
however, that x c would still represent a correct 
order of magnitude if U is the energy of the lowest 
excited level 

The mechanism described above should lead to 
reasonable decav times whenever the mam gap U 
for recombination is not much larger than 1 ev* 
This holds in many cases for the lowest excitation 
energy of trapped electrons Details of the mecha¬ 
nism will in general be more complicated Assume, 
for instance, that the primary radiation has removed 
electrons from low energy levels in the atoms or 10ns 
of the crystal, at first, recombination from higher 
levels will occur by the Auger effect 1 0 qection of 
outer electrons into the conduction levels The gap 
created in an outer shell may again be dosed by 
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Auger effect until finally we are left with a number 
of electrons m the conduction levels which can 
transfer their energy to the lattice vibrations and 
reco mb ine into traps in the way described above 

Pteld dtpauUnce qf electronic current —Electrons can 
be transferred to the conduction levels not only by 
an ionising radiation but also by strong external 
fields 18 * 14 Consider, for instance, the model 
mentioned above m which it is possible to attribute 
a separate temperature to the electrons in con¬ 
duction levels Under the influence of the field, 
energy will be transferred to these electrons, leading 
to an increase of electronic temperature T § over the 
lattice temperature T until equilibrium is leached 
by transfer of energy from the electrons to the 
lattice vibrations As a next step the increase of 
temperature of the conduction electrons will upset 
their equilibrium with the electrons in lower levels 
until not only the energy distribution but also the 
number of conduction electrons is increased to the 
number corresponding to the electronic temperature 
T t The time required for this latter process should 
be equal to the probability of finding an electron 


with energy above the lowest conduction level to 
excite a bound electron multiplied by the time r t 
It is thus equal to the time r., equation ao 

It follows that the two processes, increase of 
electronic conductivity by a strong field and decay 
of conductivity after excitation by an ionizing 
radiation, should be governed by the same time 
constant It would be interesting to test this con¬ 
clusion experimentally 
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Activation Processes in the Sensitiveness 

of Explosives 

A R UBBELOHDE, M A, D Sc 
Department of Chemistry, Queen's University, Belfast 


Existing physicochemical theories about activation 
processes have been developed on the basts of 
chemical reactions which can readily be investigated 
m the laboratory With most explosives conditions 
can be found under which thermal decomposition 
takes place quietly Under such conditions, the 
chemical energy is released only gradually and the 
ordinary features of chemical reactions are observed 
As might be anticipated with the complex molecules 
involved, the thermal decomposition of many 
explosives is monomolecular There is also a tendency 
with many explosives for autocatalysis of the 
decomposition by die reaction products 

Explosives can however release their chemical 
energy with progranve violence under the actum of 
vanqus external stimuli Special difficulties arise 
in the physicochemical elucidation of the various 
mechanisms for such progr e s si ve energy release 
Comparative values of the stimulus required to 
initiate prggrewvc decomposition and explosion m 


sensitiveness * In any particular scale of sensitiveness, 
the explosives are arranged in order of magnitude of 
the stimulus required for explosion The need for 
proper safety precautions m the handling of explosives 
has led to the development of tests on sensitiveness 
using a wide variety of stimuli Most of these tests on 
sensitiveness are however designed to match practical 
conditions as closely as possible Such applied scales 
of sensitiveness do not lend themselves readily to 
physicochemical interpretation of the pro ce a se s 
involved m the progremvc energy release of 
explosives 

Basic research on the activation processes involved 
in the progressive energy release from explosives 
suffers from the farther limitation that when the 
quantities of material involved are at all large, 
special precautions are required which are not 
feasible w most ordinary laboratories This has to 
some extent restricted die range of research earned 
out on explosives A number of investigations have, 
however, been published recently 1 * 1 which have 


various explosives are used to establish ^scales of 
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led to the elucidation of various physicochemical 
mechanisms of energy release 

All explosives liberate heat when they decompose 
As was pointed out long ago fay J H van*t Hon 
{quoted by W. Jo*t 1# ) any exothermic chemical 
reaction with positive temperature coefficient auto- 
accderates when the rate of production of heat in 
the system becomes greater than the rate of removal 
of heat The conditions for * self-heating ' of an 
explosive are of decisive importance m determining 
whether any local decomposition which is started 
m a mass of explosive will lead to auto-accelerated 
transformation of the whole mass Self-heating is 
not peculiar to explosives, since it can occur for any 
exothermic reaction, and can be discussed without 
specific reference to the activation processes 
involved •• 1# 

Problems which are specific to the sensitiveness of 
solid and liquid explosives include 

1 The processes whereby various stimuli such as 
impact, friction or electric sparks can trigger 1 local 
decomposition * from which self-heating may spread. 

A convenient nomenclature u to refer to these 
local decompositions as ‘ hot spots 1 The physico¬ 
chemical prqblem w to determine how * hot spots' 
originate when explosives are subjected to various 
types of met hanical and other sircars In partic ular, 
it is important to establish whether these stresses 
merely lead to local nsc of temperature with 
subsequent random transfer of activation energy, 
or whether they can lead to chemical activation by 
non-random processes of energy transfer 

s The possibilities of non-thcrmal activatioa of 
molecules in contiguous layers around a hot spot 

The most obvious mode of growth of a * hot 
spot * is through the heating of contiguous layers 
by ordinary processes of heat transfer In solid and 
liquid explosives conduction of heat is of predominant 
importance owing to the high kinematic viscosity 
So far as this proceu is sufficient to account for the 
phenomenon of sensitiveness, the thermal activation 
involved is not specific to explosives and does not 
call for special continent Definite examples of non* 
thermal activation of molecules in contiguous layers, 
so Jar as they are known, are discussed below 

3 The special physical chemistry of reactions in 
the detonation wave 

A basic distinction arises between auto-accelerative 
chemical decomposition due to self-heating, and 
chemical activation of molecules in the detonation 
wave The growth of hot spots in a self-heating 
mechanism is a comparatively slow process, con¬ 
ditioned by the heat of decomposition and thermal 
conductivity * of the explosive In detonation. 


chemical dec om position oocurs much fkster, and at 
much higher temperatures and pressures. So hr 
as they have been elucidated, activation proc es ses 
in detonation are discuwed below. Physical factors 
such as rates qf volatilization and diffbuoa appear 
to be of controlling importance 

TRIGGER MECHANISMS IN THE PRODUCTION 
OF HOT SPOTS TRIEOCHEMKCAL ACTIVATION 

When a given mass of explosive is fcutyected to the 
impact of a falling weight, to mechanical friction or 
to an electric spark, it u usually possible to calculate 
the rise of temperature of the explosive from the 
energy dissipated m the stimulus applied The 
electnc spark presents special problems and will 
not be discussed further here In impact sensitiveness, 
if the energy of impact were dissipated uniformly 
throughout the explosive, the nsc of temperature 
would normally be wholly inadequate to account for 
the explosion, as can be verified directly by warming 
the same mass of explosive to the calculated tem¬ 
perature Observed explosions must therefore be 
due either to the fact that decomposition is accelerated 
in some way at the momentarily high pressures due 
to the blow, or to the fact that the energy of impact 
can be concentrated in some way at local * hot spots 9 

Various specialized experimental conditions have 
been realized in which the mode of origin of the 
4 hot spots ’ due to mechanical action on the explosive 
can be followed more closely than is possible in the 
rather crude ‘ falling weight * tests of sensitiveness 

In liquid explosives, the presence of minute bubbles 
of gas gives rise to a form of impact sensitiveness, 
which can be directly attributed to the nsc in 
temperature of the gas bubbles by adiabatic 
compression due to the impact" 

In solid explosive*, there is reason to suspect that 
adiabatic compression of interstitial gas may con¬ 
tribute to impact sensitiveness, but published 
experimental evidence is leu definite A particularly 
clear mode of origin of hot spots due to mechanical 
action is revealed when particles of gnt are mixed 
with the explosive 1 * * Calculations show that 
dissipation of the impact energy leads to local 
heating around the grit particles, to an extent 
sufficient to account for self-heating leading to 
explosion Measurements on the time of develop¬ 
ment of such hot spots into explosions 4 substantiate 
this explanation of gnt sensitiveness It b interesting 
to note that if inert substances such ms wax or orgahtc 
liquids are muted with the explosive, the growth of 
hot spots can be inhibited before they build up into 
explosions Such * phkgmatixert ’ do not appear to 
lessen the formation of hot spots, but by their heat 


capacity they increase the minimum stimulus 
aoB 
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required to start progresuve energy release This 
application of phlegmatism is of the greatest 
importance 1 * in permitting the use of the very 
sensitive explosive nitroglycerin m commercial 
explosives such as blasting gelatin Both the above 
mechanisms of hot spot formation involve the 
complete randomization of the mechanical energy 
of impact or friction into heat, which then leads to 
the fiumliar thermal activation of molecules of the 
explosive around the hot spot 

In less simple instances of impact and friction 
sensitiveness, the possibility must still be considered 
of the activation of molctules of the explosive by 
some process of non-random transfer of mechanical 
energy to the chemical bonds* 

Two non-random processes which have been 
proposed at various times are the breaking of 
chemical bonds when crystals of explosive arc 
broken' and the shearing of liquid (plastic) explosives 
at such high rates of flow that local stresses suffice 
for the breaking of chemical bonds The latter 
possibility appears to have been first suggested in a 
rather confused way by G Taim an and G KrOoer" 

Considerations of chemical crystallography indicate 
that mechanical strenes are unlikely to break 
chemical bonds m crystals of low lattice energy, m 
which the molecules are held together only by residual 
forces and in which stresses can be relieved by inter- 
molecular movement With the ionic lattices e g of 
initiators such as lead azide and lead ityphnate, 
breaking of the crystals should in principle lead to a 
chemical activation Examination of the relationship 
between mechanical and thermal processes of 
initiation indicates* that * tnbochemical 1 processes 
for the production of hot spota are probably effective 
in relation to sensitiveness to impact, friction and 
percussion of explosives such as lead azide At 
present, however, the proof of a non-random transfer 
of mechanical energy in the activation of chemical 
bonds rests on an elimination of the ordinary processes 
of activation due merely to a local roe in temperature 
Non-random transfers are probably also effective in 
the detonation wave (see below) 

The possibility of direct transfer of mechanical 
energy into chemical bond activation without pnor 
degradation into heat would not reveal itself very 
readily except in explosives Thu is because of the 
peculiarity of explosive systems which permit the 
1 development * of minute hot spots into macroscopic 
phenomena Other physicochemical systems can 
however be suggested uf which the direct transfer 
might be investigated for example, silver salts 
might be activated by mechanical stresses and the 
activation qpuld then be developed in the usual way 
Again, the' formation of nuclei for crystallization 


from liquids, and for other phase changes, can be 
favoured by certain types of mechanical action in 
which the activation is properly tnbochemical and 
not merely thermochemical 


NON-THERMAL GROWTH OF HOT SPOTS 

Once local decomposition of molecules has been 
1 triggered * by a process which may involve either 
random or non-random transfer of mechanical to 
activation energy, the question antes as to whether 
the * hot spota * produced will grow or merely die out 

Vinous examples, where the growth is con¬ 
ditioned by the heat of decomposition, thermal 
conductivity and density of the explosive system, 
are amenable to the self-heating theory** 19 For 
example, for a semi-in finite slab of explosive of 
thickness 2 d the heating will be non-stable and will 
lead to explosion when 

(d*Wjk){A exp [- E/RT'])(EIRTS) > 0 88 
where W =“ heat of reaction per unit volume, k -» 
thermal conductivity of the explosive,^ exp [—A//ITJ 
-h 1 ate of decomposition, E ■- activation energy 
controlling the rate of decomposition, T % — initial 
temperature before self-healing is appreciable 

So far as the experimental verification of this 
equation can be made, it agrees with various experi¬ 
mental measurements on grit sensitiveness 1 4 The 
Frank Kamenetsky equation has also been followed 
in considerable detail for lead azide surrounded by 
inert media such as liquid paraffin It is interesting 
to note that as the density of an explosive is increased 
10 also 11 increased the mass of the hot spot which 
must be raised to a critical temperature to ensure 
progressive energy release At sufficiently high 
densities the magnitude of the local mechanical 
action required may no longer be feasible and thu 
may explain the 1 deadening ’ of certain explosives 
when they are pressed to high densities 11 

In addition to problems raised by the thermal 
growth of hot spots, as determined by the physical 
and chemical variables indicated in the Frank 
Kamenetsky equation, the question of non-thermal 
growth of hot spots must be considered, particularly 
in relation to initiators such as lead made 


With lead azide (as with many other explosives) 
it is possible to follow the decomposition processes 
which precede detonation, by measuring the 
* induction period ’ I when crystals of lead aatde 
are suddenly wanned to any particular temperature 
The duration of the induction period depends upon 
an activation energy E according to the familiar 


equation 


r-Acxp{-'R]RT) 


(»> 


where A it a constant 
* 


which ranges from io* to 


10 ** 


909 
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and E ranges from 03 to 6a kcal/md according to 
the physical and chemical environments of the 
crystallites By suddenly cooling the crystals during 
the induction process it can be verified after a tune 

< Y that they are in part transformed to metallic 
lead during the induction period After cooling, if 
the partly decomposed crystals are brought back 
again to the original temperature of decomposition, 
the ensuing induction period f, before detonation 
practically corresponds in duration with the incom¬ 
plete part of the original induction period 11 1 * 
f. « T - t x 

This very interesting observation implies that the 
partly decomposed crystals have undergone a more 
or las permanent scnutization to heal Probably 
this can be attributed to the formation of interfaces 
between lead azide and metallic lead which facilitate 
further decomposition A further implication of this 
experiment is that any heat evolved during the 
induction period can be dissipated without sub¬ 
stantially affecting the duration of thr delay to 
detonation Under these conditions the build up of 
a trigger reaction into detonation of lead aside must 
follow a mechanism which does not depend on 
self-healing Lead azide is photosensitive, and 
exposure to sunlight brings about sensitization 
which also shortens thr induction period on 
subsequent heating The crystals blacken on 
exposure to light, but the region of deposition of 
lead in Uu crystals does not appear to be quite the 
same as for thermal decomposition Detailed 
discussion of the nature of the non-thermal 
mechanisms of build up of detonation in lead azide 
cannot be developed here Two further comments 
can, however, be made In the first place, explosions 
in the gas phase which are not due to self-heating can 
be explained in terms of a well known process of 
branching of reaction chains It seems not unlikely 
that in crystalline lead azide a process of auto- 
catalysis prevails which is formally analogous to 
chain branching the gas phase On the 
assumption that the meets of thermal decomposition 
involves tWo types dr 1 reaction a the formation of 
fresh nuclei of metallic lead at random points in the 
lattice b the growth of lead nuclei already present 
it is not difficult to construct reaction kinetics which 
are auto-accderating, and in which the state of 
decomposition after heating for part of the induction 
period would be 1 fiozen in * on cooling, as 11 actually 
observed 

The second comment about the build up of 
detonation in lead upde by a non-thermal mechanism 
is that this build up involves cooperative action from 
separate jcrystallttes Various lines of experimental 
evidence throw light on the nature of this cooperative 
build up 


THMSHOID MASS AND DETONATION WAVES 

At any temperature, it is found that the induction 
period r which precedes detonation follows 
equation 1 above, in which the numerical constants 
are practically independent of the mass ofiead azide 
under investigation, at least when this ranges from 
about a to so mg But as the mass is progreaivdy 
reduced, a proportion of the samples fails to detonate 
at all At any given temperature, the threshold mass 
for 30 per rent of the samples to detonate can be 
established with fair precision 

Figure t illustrates the kind of relationship between 
threshold mass and 
temperature for crys¬ 
talline lead azide 

Fxpenmenls show 
that if the grams are 
separated by inert 
material, such as pow¬ 
dered glass, thr thres¬ 
hold curve moves 
towards higher 
masses On the other 
hand, if the air be¬ 
tween the interhtices 
u replaced by drnse 
organic fluids such 
as butyl phthalate, 
the threshold curve 
is superseded by 
another threshold 
curve associated with 
explosion by self-heating 11 Some kind of cooperation 
between the grains always appears to be required 
for detonation to ensile 

Thu phenomenon of cooperative build up 1 of 
detonation deserves special comment In the 
self-heating mechanism, contiguous crystallites of 
explosive cooperate in the build up of explosion by 
pooling their heats of decomposition When the 
non-thermal mechanism prevails, the theory proposed 
u that individual crystallites cooperate m producing 
a detonation wave by pooling the gas flow outwards 
which arises from their thermal decomposition Just 
as m optics the wavelets from a senes of diffraction 
centres cooperate to produce a Huyghens wave front, 
so the idea is that the gas streams from the individual 
crystallites cooperate to form the gas stream which 
m a in ta i ns the shock wave When this shock wave 
attains sufficient intensity it can activate the 
crystallites m successive layers by a mechanism 
d i s cus s e d m the next section, and detonation ensues 


1 Special problems of activation ante in connection 
with the chemical processes oc cur r in g in a detonation 
wave To discuss these, it u usefol to contest the 
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process of propagation of a flame in a self-heating 
explosive mixture with the process of propagation of 
detonation No serious restriction u introduced by 
considering the two processes moving down a 
cylindrical tube with a uniform velocity 

With the flame, its front activates molecules in 
the contiguous layer of unreacted mixture, in part 
by heat transfer and in part by the actual diffusion 
forward of free radicals and * hot molecules * 1 hese 

two processes of activation do not differ in any special 
way from ordinary physicochemical activation Die 
heating up of contiguous layers increases the number 
of activated molecules in theiwal equilibrium, and 
the diffusion forwards of free radicals corresponds to 
the propagation of activation in chain reactions 
The velocity of movement of such flames may range 
from a few metres to about 200 metres per second 
maximum Owing to the fart that the reaction 
products arc at a higher temperature and usually 
involve a greater number of molecules per unit mass 
than the unreacted system, the hot gases stream 
away behind the flame front 1 * 

In detonation, the velocity of the detonation front 
is much faster For example, solid TNT at a density 
of about 1 5 gm/rc has a detonation velocity of 
about 7,000 m/sec Increases in temperature and 
pressure in the detonation front are conditioned 
by the hydrodynamic requirement* for propagation 
of detonation In TNT at a density of 1 5 gm/cc 
the temperature T is about 2,<)oo 0 K and *hr pressure 
about io* atmospheres 14 A fuither speciality about 
detonation is the maintenance of a stream ing 
veloc ity V towards the head of the detonation wave 
Standard hydrodynamic theory gives as order of 
magnitude of this streaming velocity 1 * 

V * ( 8 , 310 T/yAf,)* 

where M t is the average molecular weight of the 
products of detonation, and y is the ratio of the 
mean specific heats £p/(L f 

The problem is how the molecules in contiguous 
layers ahead of a detonation wave 1 * •* * acquire 
their activation energy in the very short time 
available In the present development of experi¬ 
mental and theoretical work, the kinetics of 
rearrangejnent of chemical binding and liberation 
of chemical energy is sufficiently characterised by 
the total time required for energy release is the 
period Y elapsing between the first arrival of the 
head of a detonation wave, at any group of mole¬ 
cules, and the time when the reaction products 
are eMentially in instantaneous thermodynamic 
equilibrium Another way of putting it is that the 
X = gives die depth of the zone behind 
the detonation front in which the molecules are not 
in c Hem»ral equihbriunf and In which Irreyemble 


liberation of chemical energy u taking place, where 
D is the detonation velocity > 

Simple consideration shows that the actuation 
processes in this reaction zone must be much more 
rapid than for ordinary physicochemical reactions 
Any layer of molecules, which might have a thickness 
of about 2 x io"* cm, would be traversed by the 
head of a detonation wave, travelling at 7,000 m/sec 
in about 3 x io -14 seconds During this extremely 
short time random collisions are not of sufficient 
frequency to account for the high velocities of energy 
release which are necessary to maintain the 
detonation wave, but it should be noted that the 
streaming velocity is added on to the random 
molecular velocities arising from the high tem¬ 
perature of the produc ts in the reaction zone 
Molecules in the quiescent layer immediately ahead 
of the detonation wave are acUvated a by the random 
translational energy ol the hot reaction products and 
b by the directed translational energy corresponding 
to the streaming velocity 

It is very important to determine how last mole¬ 
cules such as TNT actually decompose under these 
extreme c onditiom Elementary hydrodynamic 
theory of detonation pays no regai d to the mode of 
en< rgy release which maintains the detonation wave 
Essentially, it considers the passage of a shock wave 
through the explosive, under such conditions that 
the heat ol chemical reaction is fed into the front of 
the shock wave and serves to maintain its intensity 
When this assumption begins to break down because 
the chemical energy cannot be liberated sufficiently 
rapidly, the observed detonation Velocity will begin 
to fall below the value calculated on the basis of 
elementary hydrodynamic theory Experimental 
methods of studying the rate of chemical reaction 
in the detonation wave depend essentially on 
establishing critical conditions of detonation, such 
that the observed detonation velocity is ^pnsitive to 
these conditions 

In gaseous systems, the effects of initial tem¬ 
perature and initial deniity on the stability of 
detonation should be of particular value m 
elucidating the mechanisms of activation Experi¬ 
mental studies of such effects have not been earned 
very far and will not be discusse4 further here 1 * *• 
In solid explosives, use has been made of measure¬ 
ments of the critical effect of charge diameter on 
detonation velocity, measured for Cylindrical charges 1 
When the detonation wave reaches any given layer 
of molecules, the chemical reactions initiated begin 
to release the energy which maintains the detonation, 
but owing to the foot that it is unpowble to have 
infinitely rigid walls to a c yli ndrical charge, the high 
pressures lmnpdiatdy behind the detonation cause 
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the walk to move outwards at a finite rate which 
can be calculated If the velocity of reaction is 
sufficiently great, substantially all the energy release 
will have occurred before such outward movement 
u appreciable Under these circumstances the 
experimental detonation velocity is equal to that 
calrM latid on the bans of elementary hydrodynamic 
theory If the reaction velocity 11 somewhat slower 
than is required to attain this limit, appreciable 
outward movement of the walk of the charge takes 
place before energy release is completed As a 
result, the average pressure and temperature behind 
the detonation front are smaller than calculated for 
the limiting conditions It can be shown that the 
observed detonation velocity t> u smaller than the 
detonation velocity D % at infinite charge radius, in 
accordance with a relationship of the form 

t OJD )■ - 1 f f(X/R) 

where f{X/R) is a function of the ratio of the thick- 
ness of the zone for energy release X to the radius R 
of the charge According to the conditions at the 
boundary of the charge (bare charge, thin laminar 
metal walls, very thick metal walk) this function 
takes various forms, which can be calculated 

The experimental results can be illustrated by 
reference to the detonation of 60/40 TNT-NH^NO* 
the well known * amatol * a By carrying out measure¬ 
ments on the detonation velocity at various charge 
diameters and for various boundary conditions, the 
theoretical equations have been verified Values of 
/“have been found to depend m a characteristic way 
on the size of the ammonium nitrate crystals, which 
can be varied For example, with a grist size giving 
a surface area of 195 em'/gm the observed reaction 
tune for energy release is 3 1 micraKc, and with a 
grist size giving a surface area of 310 cmVgm the 
reaction tune is 2 1 microsec A general relationship 
lias been found between the surface area of the am¬ 
monium nitrate A x and the reaction ume T in 
murosec, of the form for 60/40 TNT-NH«NO* 

r- 37 X 10 -*IA % + 0 x 10-» 

Analysu^f this and other data on reaction velocities 
in the detonation zone 1 lead to the important 
conclusion that in detonation the rate controlling 
processes have small temperature coefficients 1 e they 
do not involve 4 activation 9 as ordinarily understood 
Probacy with solid 60/40 TNT-NH^O, the TNT 
first reacts in a time of about ior' sec to give Its 
detonation products at very high temperatures and 
pressures, and the NHaNO, crystals gradually erode 
in these hot detonation products, at a rate controlled 
by their surface area In the detonation zone there 
is a superabundance of hot molecules of various 
kinds, and the supply of activation energy is not the 


limiting ffcctor. Rates of diffusion and volatilization 
are of controlling importance, owing to the need for 
bringing molecules into juxtaposition before the 
rearrangement of chemical bonds can take place 
with the release of chemical energy 


IUMMARY 

The stimulus required to initiate progressive energy 
release in an explosive determines its 4 sensitiveness * 
Development of fundamental research on the 
sensitiveness of explosives has extended existing 
physicochemical theories about activation energy in 
several ways Three mam types of activation 
process must be considered with re fere nce to the 
senaitivcness of explosives 

/ According to the type of senutivenea considered 
and the explosive envisaged, the primary process 
which 1 triggers ' energy release may involve thermal 
or tnbochemical activation of the molecules of 
explosive 

a 1 hr growth of a primary 4 hot spot 1 normally 
involves thermal activation of contiguous molecules 
Non-thermal activation may however be important, 
for example in initiators 

3 In a detonation wave, activation of successive 
layers of explosive molecules involves both random 
and non-random processes of activation 


REFERENCES 

1 Coff, J L and Ubbxlohdc, A R Trent Fared# See 

E. Nam, r, Powbu, W J, 
Skilly, H, Uhbelohdk, A R and Woodward, P 
Phi Trent ivy Sec A ail (1948) 197 
■ Bowden, F f. Stone, M A and Tudo*, O K Pm 
W Sec A 188 (1947) 3<*9 
— Vines, M F R, Mulgahy, M and Yorra, A 


Iulgahy, M and Yorra, A 


thd 188(1047)991,311 
— and Yorra, A Research 1 (1348) 581 
1 Rhjsal, E K and Robertson, A J Proc 


1 Rideal, E K and Robertson, A J Proc r# See 
A 195 (> 946 ) >35 

1 Ubrxlqnde, A R Phi Trent t# See A 041 
(1948) 080 

* Frank Kakenetzky, D A J pf^t Cksm , USSR 18 

^ $R Aeed Set , USSR 18 (1938) 413 
— Act* phystcechm , USSR 10 (1939) 365 
r Gael, R JfrenkUnlnst 930(1940775 

* Taxman, G and KaOaaa, C £«J merg Chen t, 169 

1 (janLOH&a, A R Report qf Thud Syfhpeslen ok Com* 
button and Flm end Explosion Phenom en a Madison, 1049 
“Jost, W Enp io tt e n and Combaston Processes m Gam New 
York, 1948 

u Ubb*£ 1 okdk, A R and Woodwaeo, P , Phi Trent 
r# See A 2 41 (194?) «37 
« — thd 941(1948)906,084 
« — and Woodward, P <M 941(1948) 938 
u Ooff, J L, and tJasELOimz, A. R, Trout Farad# See, 
44 (1948) 667 

« - 44(1948)863 


2 ja 




Experimental Design 

M H QUENOUILLE, MA 
Maruchml College, Aberde en 


The development of statistical techniques m recent 
years has been accompanied by a complementary 
development of experimental method The itatu- 
tKaan» m aualyimg experimental data, hat also cast 
light upon the best methods of designing experiments 
and, m turn, these methods have demanded new 
statistical tools Foremost in this development of new 
techniques and methods, R A Fisher 1 has laid down 
the fundamentals of modem experimental design and, 
using Fisher’s work as a basis, other authors have 
extended the range and types of efficient design 
This work, originally applied only to agricultural 
research, has become mcreauingty used in all branches 
of science as the advantages of efficient experimental 
design have been realized, and a wide variety of 
experim ent designs has been derived 

It is impossible here to give a full account of the 
growth of this subject, but the following sections are 
intended to indicate the main lines of development 

MAIN CONCEPTS IN EXPERIMENTATION 

One of the mam purposes of experimentation is the 
determination or measurement of effects Although 
this is not the only purpose, it is the one with which 
the statistician is most concerned For example, an 
experiment may test the effect of a treatment, then 
it is necessary to determine whether the treatment 
has an effect, and if so to measure the size of this 
effect There are, in fact, two requirements m such 
an experiment first, it must give rise to valid esti¬ 
mates of the treatment effect or effects and secondly, 
it should also allow the accuracy of these estimates to 
be determined To elaborate them points , suppose 
that, m order to test the effect on bone weight of 
increasing the fluorine content of a normal diet, 
two groups of rats are fed diets with normal and high 
levels of fluorine The comparison of the average 
bone weights on each diet would be influenced by 
the proportions of male animals on each diet so that, 
if possible, we should arrange for these proportions 
to be equal Similarly, the weights of the animals 
may tend to influence the comparison so that we 
might choose the two groups to be similarly consti¬ 
tuted by weight Thur^tivelysmipfe idea of making 
the groups as similar as possible and, in the limit, 
pairmg-off the m the two groups may be 

called stratification 

However, even if the two groups arc equalized in 
all known facta, unknown quantities will still cause 
some disparity, which can seldom be removed The 
answegtQtlfadiflfaihyfatfraBS^ 


of any disparity can be gauged To achieve this we 
have to ensure that such disparity is evenly distributed 
within the framework imposed by the stratification 
Thus, for example,, suppose we have four 1 ’ 

rats receiving the two diets and that the measure¬ 
ments of those receiving the normal diets are A^ A, 
and those the diets high in fluorine content are 
F u F a The comparison between Ai + A* and 
F, -f F, will then indicate the effect of the fluonne, 
but will also be affected by unaccountable variability 
However, the companions between A*! + F x and 
A| + F„ and between A t + F, and Ai + F x are 
unaffected by any dietary effect and may be used to 
indicate the magnitude of the unaccountable vari¬ 
ability, provided that these companions are as 
likely to be affected by such non-dietary factors as the 
dietary comparison For this reason it u necessary to 
carry out randomization 1 1 the allocation of apunals 
at random to the diets within the stratification 
framework, to allow the accuracy of the comparison 
to be gauged Thus, where the animals have been 
paired, one animal from each pair is allocated at 
random to each treatment This randomisation is 
usually earned out with the aid of a 1 table of 
random numbers ’ to avoid any possible personal 
bias Such tables have been compiled by R A 
Fisher and F Yaixs 1 , who also give an account of 
the methods of application 

The above example emphasizes certain other 
necessary features of experimental design First, in 
order to be able to estimate the variability to which 
the treatment comparison is subject, replication is 
necessary i e more than one measurement should be 
taken for each treatment Secondly, since the idea 
of randomization refers to the measurement, it is of 
no use to randomize the animals and then Weep all 
animals receiving the same diet together, since this 
would defeat the purpose of randomization Thirdly, 
the more stratification is used the less randomization 
u possible and, correspondingly, the accuracy of the 
comparisons cannot be so well determined. Thu 
last point u particularly interesting It indicates 
that a balance must be struck between the one extreme 
in which the effects are inaccurately determined, but 
we know with some precision their aocuracy, and the 
other extreme in which the eff ect s are accurately 
determined, but we do not know how accurately 
We wish, in fact, to estimate both the ef fects and 
their accuracy if we are to verify their existence, and 
we shall wish to choose the most sensitive or efficient 
experiment * 


1 
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TYPE! OF XXFXMMBNTAL DESIGN 

Experiments may be classified, broadly speaking, 
into two main groups exp eri m ents earned on 
through several phases, such as crop-rotation experi¬ 
ments and experiments involving growth curves, and 
exper im ents with a single phase These two types are 
usually called long term and short term experiments 
but whereas a short term experiment may run for 
several yean e.g in agriculture and animal nutrition, 
some long term experiments will be completed in a 
few hours 

Each of these two main types may be further sub¬ 
divided according to whether it n desired to test one 
or several sets of factors simultaneously and, for the 
long term experiment, according to whether the 
factors to be tested remain constant throughout all 
phases of the experiment or vary in different phases 
The appropriate experimental designs for each of 
these types will now be considered 

Short term experiments to test a single set of factors — The 
simplest type of design for this purpose stratifies each 
replication and randomizes the treatments within 
the replication 1 his design is known as randomized 
blocks For example, if we wish to test live treatments, 
A , By C, D, L > the design may be 
E , D, A, C, B , A, C, E, B, D , B, E, C, D, A , etc 
rhese ' blocks * may be spatial, temporal or may 
refer to the material used 'I he number of replications 
or blocks that are used will depend both upon the 
variability in the measurement and upon the accuracy 
that n desired As a rough guide, if n replications are 
used and the unaccountable variability in each 
measurement is about p pa cent then an experiment 
of this type should be able to detect a difference of 
about p V (8/n) per cent 

If the number of replications is equal to the 
number of treatments, then we may stratify with 
respect to two factors simultaneously An example 


of such a design n 
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Each treatment occurs once in each row and once m 
each column m tha design, so that it is posable to 
eliminate the row and column effects in comparing 
treatments This design is known as a Latin square 
Commonly, designs of tha type are considered as 
eliminating spatial effects eg in agricultural field 
trials, but they may eliminate temporal effects eg 
columns representing successive days and rows 
representing tune of day, or a mixture of spatial and 
temporal effects A considerable improvement m 
accuracy may result from the elimination of row and 


column variation but, as pointed out above, the 
amount of stratification that can be earned out is 
limited by the necessary determination of the accuracy 
of the treatment effect This makes the Latin square 
design unsuitable for testing lev than five treatments 
unlev several Latin squares are used simultaneously 
Fisher and Yates' Statisti c al Tables gives Latin squares 
to test up to twelve treatments and also describes 
how these should be randomized 

i 

When the number of factors is large, then the 
Latin square design becomes unwieldy and even the 
size of a randomized block design may become too 
large (Especially if the block u a unit of time) For 
this reason, experiments have been planned m which 
the strata or blocks do not contain a complete re¬ 
plication, but in which there is still a balance between 
the factors involved Two mam designs of this type 
may be mentioned balanced incomplete blocks and 
lattice squares A typical example of a balanced in¬ 
complete block design u 

E t C, G, A , F, E y D y C , D f G, E t B , 

C, Gy By F y C, ByAyDy Gy DyAyFy Ey A , Fy B 

In thin design there are four replications of seven 
treatments arranged in seven blocks so that each 
pair of treatments occurs together twice Designs of 
this type are particularly useful where it u known 
that the variation within each block is small com¬ 
pared with the variation between blocks e g where 
each block represents animals from the same litter, 
material from the same batch or measurements 
taken on the same day Fisher and Yates also give a 
list of the most suitable designs of this type 

The lattice square designs are arranged so that 
row and column effects can be eliminated but here 
it is the result of a balanced arrangement of treatments 
in rows and columns The number of treatments must 
be a perfect square but it is povible to repeat some 
of the treatments to make up the necessary number 
The replications are then arranged so that/every pair 
of tre a tments pccun together either in the same row 
or column An example of this type of experiment 1* 
provided by the following design for twenty five 
treatments 
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Block 3 
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F Yates*- 4 has given an account of this and asso¬ 
ciated designs 

Short term experiments to test several sets qf factors — It 
u frequently necessary to cany out experiments to 
test several sets of factors simultaneously The 
classic example is the fertilizer experiment where 
different fertilizers have to be tested on different 
vanates possibly under different conditions of culti¬ 
vation, but similar experiments to test, say, methods 
of pro c essi ng different materials or treatments applied 
at different times are fairly common A possible design 
for such an experiment is the Graeco-Latrn square 
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In this design the Greek letters represent one set of 
treatments and the Latin letters represent a second 
set Each Latin letter occurs once with each Greek 
letter and they both occur once in each row and once 
in each column so that iow and column effects tan 
be eliminated However, designs of this type are 
usually limited m application since it is only possible 
to compare the average effects of each set of factors 
For example, if we were testing the resistance of mice 
bred on different diets to different strains of bacteria, 
we should be able to compare the resistance on 
different diets averaged over all strains and vice versa , 
but we cannot test whether the best diet is uniformly 
the best against all strains of bacteria Frequently 
it n necessary to test not only the effects but also their 
uniformity under the range of conditions tested and 
for this purpose it is ncceaary to use the factorial 
design Thu employs every possible combination of 
the sets of factors and permits the consistency of the 
effects to be examined As an elementary example of 
such a design, consider the following which tests the 
combinations erf four treatments A, 3 , C, D 
Control, A , B, AB , C, AC, BC, ABC , 

D, AD, BD , ABD, CD, ACD , BCD, ABCD 
where these sixteen treatment combinations are 
randomized and replicated before application A 
more complicated example u provided if we wish to 
test and compare, say, two treatments A x and A lt 
and three treatments D lf D v D % , as well as B and C 
The design, then becomes 
Control, A 1 
D t , A v 
ft 1 
^. 


frptcfrf 

Ms** 


Thu gives forty eight treatment combinations. 

If, m the applica¬ 
tion of a factorial 
design, the effect of 
one factor changes 
when a second factor 
u applied, then the 
two factors are said 
to interact Such in¬ 
teractions are often 
as important as the 
average effects 
Figure 1 givei an 
example of inter¬ 
action in a mineral 
metabolism expen- 
ment While 
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Figure r Interaction u a mineral 
metaboUm experiment 


supplementary calcium and magnesium both lead to 
an increase in the spleen size of male rats, when they 
are simultaneously given, the expected increase from 
their joint application u not realized When calcium 
and magnesium are both given, the difference between 
the expected and observed increases indicates the 
existence of interaction Since each of these values u 
subject to error, the * standard er ror' of each value 
u indicated at the bottom of the diagram 

In this manner, factorial design permits the inves¬ 
tigation of the optimum combination of treatments 
and the manner in which the treatments jointly 
behave Howevrr, in practice, certain modifications 
of the ordinary factorial design are desirable 

First, some form of stratification might be adopted 
to allow the effects and principal interactions to be 
determined, using fairly uniform material Thus, if 
the sixteen treatment combinations of the former 
factorial design are arranged in two blocks of eight 
treatments, we get 

Block; 

Control, AD, BD, AB, CD, AC, BC, ABCD, 

Block a 

D, A, B, ABD , C, ACD, BCD , ABC 

Then each treatment and each pair of treatments 
occurs equally frequently m each block By this 
device, known as confounding, the main comparisons 
are made within the blocks F Yates 4 * 1 has given 
accounts of the factorial experiment and the principles 
of confounding M M Baknaxd* has enumerated 
the possible confounding arrangements when each of 
the factors u at two levds, while O Ksumtoma’ has 
indicated a mathematical approach to confounding 
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Secondly, xf the number of sets of fhcton to be 
tested Is huge, then the number of ob s erva tions may 
be very huge especially xf the treatment combinations 
are replicated Fortunately, however, in this instance, 

F Yatbs* has shown that it is usually posuble to 
estimate the unaccountable variation without replica¬ 
tion This fact makes the factorial desqjn very useful 
for testing large numbers of factors simultaneously 

Fwthsr d mU pm mU t* short Um sxpsnmsntatum — 
The designs given in the last two sections are the 
most commonly used However, alternative designs 
may be used for particular purposes Thus, for 
example, if particular companions are of greater 
importance, then the accuracy of these comparisons 
may be improved at the expense of the other com¬ 
parisons This u done by stratifying with respect to 
the more important companions, but not for the 
others As an example, suppose in a factorial experi¬ 
ment to test A, B, C and D, the effect of D is more 
important than those of A, B and C The design 
might then be arranged so that neighbouring 
observations were both with and without D Thus 
the randomised design might be 

C, CD , ACD, AC ; B, BD , ABC, ABCD , 
BC, BCD , ABD, AB t AD, A , Control, D 
Thu type of design u usually called a split-plot design 
jD. J Finney 1 and O Kxmfthorne 1 * have recently 
given accounts of the application of the split-plot 
method 

In industrial experiments it u sometimes possible 
to sunme that certain factors or treatments will act 
independently Then an alternative to the factorial 
design can be devised to test the main effects only 
For example, if we wish to test five treatments, 
A, B, C, D, E, the treatment combinations 

A, B, C, D, E, ABC, ABD, ABE, ACD, ACE, 
ADE, BCD , BCE, BDh, CDE, ABODE 
may be used Hie effect of each treatment can be 
measured by comparing the set of eight observations 
which contain this treatment with those that do not 
Replication u unnecessary here R L Plackxtt 
andj P Bumcan u , C R Rao 11 , and D J Finney 11 
have all dealt with particular aspects of such designs 

Long ism t xp s nm snts— The principles governing 
the long term exper im ents are similar to those for 
short term experimentation. Where observations 
taken m successive phases of the experiment are 
independent and where there u no * carry over ’ 
effect of the treatments, the experiment may often 
be planned in the same manner as a short term experi¬ 
ment with the phases regarded as an extra set of 
factors to be eliminated and tested Thus, the rows 
or columns of a Latm square may be taken as succes- 
rive phases of an experiment, and co rr e s pond i n g 
dcrfgns may be used for fectonal exp er i m en t s For 


i 
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example, three independent treatments, A, B, C, may 
be tested using a design 
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In general, the mgjor difficulty n in the analysis of 
such experiments, uniess it u powble to predict the 
minnw m which the mean and unaccountable 
variability change from phase to phase The same 
difficulty attaches to experiments with carry over 
effects, but the need for estimating and eliminating 
these leads to further experimental designs If the 
factors or treatments remain constant throughout 
the experiment the designs for short term experi¬ 
ments may be used, but if the factors rotate then 
alternative designs must be employed 

Long term experiments with rotating factors may 
be designed either for the purpose of estimating the 
residual effects of treatments or to increase the 
accuracy of treatment companions For example, 
in agriculture, a rota ting-factor experiment may 
compare the effects of different crop or treatment 
rotations, or it may route the treatments on particular 
areas or on certain animals, so that comparisons 
between treatments are made on the same area or 
animal The simplest design for this experiment 
employs the treatment sequences A, B, A, B, A 
and B, A, B, A, B In this design only the latter 
purpose of comparing treatments on the same area 
or animal is served, since it 11 impossible to separate 
the effect of B from the residual effect of A, and 
otes vsrsa 

If it is desired to measure residual effects, then it is 
always necessary to make certain assumptions con¬ 
cerning the manner in which they act Normally, 
it u assumed that after a certain time the residual 
effects arc constant or aero, and that they arc; not 
influenced by the ensuing treatments With these 
assumptions, it is poaiblc to estimate residual effects 
with experiments such as 



where the rotation repeats itself after three phases/ 
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and each treatment a applied twice in each phase 
ahd followed by the other two treatments W G 
Cochran 1 * has given an account at experiments of 
this type and more complicated deugns However, 
it a particularly true of long term experiments that 
the design u determined by the behaviour of the 
treatments This remits in a wide variety of designs 
tor particular purposes which are still under investi¬ 
gation and cannot be dealt with briefly 

ADVANTAGES OP PLANNED EXPERIMENT* 

The main advantage of planned experiments is that 
valid estimates of treatment effects are obtained the 
accuracies of which are determined simultaneously 
Thus, while in the unplanned, uncontrolled experi¬ 
ment we may possib'y be misled concerning the 
reality of the observed effects, in the planned experi¬ 
ment we are able to specify the odds against an 
observed effect being due to chance variation A 
second point is that the planned experiment will 
frequently lead to more accurate estimates of treat¬ 
ment effects and consequently to an appreciable 
saving in labour Thus, ior example, F Yates* 
showed that two particular experiments using Lattice 
squares were 30-60 per cent more accurate than 
corresponding experiments employing randomized 
blocks Many other examples of such improvements 
could also be quoted It should not, in consequence, 
be assumed that the complex design should, always 
be used in preference to the simple but less efficient 
design The results from the complex design may 
frequently be verified and extended by a senes of 
simple experiments earned out at different times and 
under different conditions This is particularly true 
in agriculture, where the findings from the complex 
field experiment may be tested in a senes of simple 
experiments in cultivators' fields 


A further advantage in favour of the planned 
e x per im ent is that the determination of die accuracy 
ot its comparisons frequently allows the experimen¬ 
tation to be extended if necessary Consequently, the 
results of any particular investigation can be 
accurately supplemented by further experimentation. 
However, in considering the advantages of planned 
experiments, it should be remembered that these 
might be nullified if the wrong design u used or if 
unforeseen difficulties occur For these reasons, the I 
cooperation and advice of a statistician are to be 
recommended in the designing of experiments 
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Artificial Lactation and Perfusion of the Bovine 

Mammary Gland 

G PEETERS and L MASSART 

Department of Veterinary Physiology and Department of Biochemistry at the University ot Ghent 


By artificial lactation we do not mean in this instance 
the induction qf lactation in virgin goats or maiden 
heifers by implantation of synthetic oestrogen*, but 
the lactation which ts obtained when a bovine 
mammary gland is excised and perfused Such a 
technique was described by W E Petersen, J ♦ C 
Shaw and, M. B. VmcKftm 1 When we ourselves 
began won along these Brief* we were quite unaware 


of this technique of Petersen, because of war con¬ 
ditions As ought be expected there are a number 
of similarities between Petersen's technique god our 
own , but there is also a fundamental difference 
Whereas Peter se n uses the bovine mammary gland 
m the intact state* we divide it symmetrically Into two 
portions by cutting the connective tissue septum 
down the median line without Auynm^tw^ the 
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glandular tissue A tingle udder thus provxlei two 
halves which, from the physiological point of view, 
can be regarded at two perfectly analogous organs 

These two halves are perfused separately, our 
perfusion apparatus comprising a double installation 
1 he great advantage of this technique is that there 
is no mixing of the blood traversing the two halves 
Complete separation of the two halves is necessary 
for comparison of the function of the one with the 
other If the two halves are perfused each by 
mean* of its own separate apparatus there 11 
nevertheless considerable admixture of blood between 
the two systems, on account of the numerous venous 
anastomoses unless a complete anatomical sepal ation 
is made 

It is evident that our technique has several 
advantages, the main one bang that one udder-half 
serves as a control for the other, which can be 
subjected to various experimental conditions at will 
Thu means that the number of experiments, always 
exacting, necessary to enable definite conclusions 
to be reached is minimised 

The disadvantage of our technique u that it 
prolongs, to a certain extent, the manipulation of 
the udder which must be earned out before the 
perfusion can be started This drawback does not 
seem to be scuous, however, since in all our 


experiments both udder-halves respired and lactated 
perfectly 

a 

APPARATUS AND TKCHN1QUF 
In describing the apparatus we shall refer only to 
the perfusion of one half of the udder since the 
apparatus is Completely symmetrical Only the 
thermostat gear and the respiration pump are 
common to both perfusion systems 

From the reservoir A the blood is brought to the 
artificial heart B tor this purpose the air pump D 
and the special valves c and d are used The blood 
is then driven to a thermostat o', in which it circulates 
slowly and attains a temperature of 38°C It u then 
conducted to the corresponding udder-half The 
venous blood issuing from this udder-half » collected 
in a rubber dram / and reaches the artificial lung ft, 
where it u oxygenized, and returns to A By means 
of a special valve 0 the blood pressure is automatically 
regulated and kept constant at 120 mm Hg 

Ftgme 1 1 also represents the mode of suspending 
the gland Figure /b shows the special device E 
constructed to slow down the circulation of the blood 
in the thermostat a' so as to warm it up to the 
cxpi nmental temperature For more technical 
details the original publication 1 should be consulted 
It should however be emphasized here that thorough 
filtration of the blood is indispensable 
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Soon after the start of the experiment 5 to 101 u 
pituitnn u injected mto the artery of each udder* 
half thu causes an immediate ejection of milk 
The first 300 ml of venous blood following the 
injection is discarded in order to avoid vaso¬ 
constriction effects during the experiments 1o 
collect the milk formed during the experiment glass 
canulmc arc introduced m the galactophorous 
sinuses, after which the teat sphinctures are 
amputated At the end of the experiment an 
injection of pituitnn ensures the complete ejection 
of milk 

Our perfusions have never been earned on for 
longer than two hours so as to avoid the ruk of 
bacterial contamination 

Usually the blood of the animal providing the 
udder is used The blood is obtained by open mg 
the carotid and jugular after the animal has been 
shot It is collected in paraffined iron vessels 
Coagulation is prevented by addition of heparin 
The choice of the anti-coagulant is very important 
as is explained below 

IMPORTANCE OP ANTI-COAOULANT AND 
NECESSITY FOR CALCIUM IONS 

The question of the anti-coagulant* has been specially 
'studied since hepann is very expensive We have 
tried to replace heparin by calcium citrate 

In this senes of experiments we perfused one half 
of the gland with heparinized blood and the other 
with citrated blood Since the anti-coagulant action 
of citrate is based on the elimination of Ca ,+ , 
titrated blood must be considered as a fluid poor 
in Cn a+ while heparinized blood is normal from 
this point of view Before perfusing with blood thr 
milk which had accumulated in the galactophorous 
sinuses, and which must not be included in the 
experiment, was removed. As soon as the perfusion 
began the milk flowing from the teat cannulae was 
collected, when this rapid flow ceased 101 u 
of unfractionated posterior-pituitary extract was 
Uyected into the artery with the object of completely 
emptying the two udder-halves of their contained 
milk The perfusion was continued for two hours, 
at the end of it the gland was emptied by another 
injection of unfractionated posterior-pituitary extract 

Results were as follows 

1 as soon as blood begins to flow through the 
udder-halves there is a flow of milk but only from 
the half perfused with heparinized blood 

a when this rapid initial milk flow has ceased and 
an injection of 101 u of unfractionated postenor- 
pituitmry extract made into each artery, the udder- 
half perfused with heparinized blood exhibits a 
profKxmoed vaaoconstdotion resulting m a marked 


diminution of blood flow The udder-half perftaed 
with citrated blood exhibits little or no vaso¬ 
constriction We have measured the venous output 
from both uddcrdialves and found the value for the 
citrated side to be double that from the heparinized 
side (260 ml/mm as against 130 ml/min with 
essentially the same values on repeating the 
expenmen t) 

3 at the end of the experiment 1 * after perfusion 
for 2 hr we have collected, following another 
injection of 10 1 u unfractionated postenor-pituitary 
extract to empty the glands, less milk from the 
citrated side (60 ml) than from the heparinized side 
(90 ml) If at this time we switch the two circulations 
so that the udder-half previously perfused with the 
heparinized blood is now perfused with the citrated 
blood and vie* verm there is a flow of milk from the 
heparinized half but none from the citrated half 
In other words, we may conclude that the pituitary 
hormone does not exert an optimal effect on the 
udder-half pc rfused with titrated blood, which 
however can be emptied as soon as it is perfused 
with heparinized blood 

These observations demonstrate the importance 
of calcium ions Since there is no initial milk flow 
from the citrated side wc can conclude that the 
hormone causing milk expulsion (the existence of 
such a hormone will be discussed later) has no action 
on the contractile dements m the absence of insuffi¬ 
cient concentrations of Ca ,+ Since the vaso¬ 
constriction occurs only m the udder-half perfused 
with heparinized blood we may conclude that 
vmsoprettin does not exert its effect when the 
concentration of Ca ,+ is sub-optimal 

Unfractionated posterior-lobe extract caused only 
a partial ejection of milk from the citrated udder-half 
It follows that m the absence of a sufficient con¬ 
centration of Ca 1 * the postenor-pituitary hormone 
is unable to cause complete contraction of the 
contractile elements of the gland just as we have 
found (and pointed out above) m the case of the 
hormone causing milk expulsion 

MILK FJECTION IN CATTLE , 

THE EJECTION HORMONE 

The raearthet of F Ely and W E Petersen* 
show that m the cow the expulsion of milk u not 
under the direct control of the central nervous 
system These authors have shown that section Of 
the nerve fibres innervating one half of the udder 
does not affect the expulsion of milk On the other 
hand nyection of pituitnn causes a more complete 
emptying of the odder than oce an with normal 
milking 4 
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Ely and Petersen have, postulated that a great 
number of exterior stimuli normally associated 
with milking, such as manipulation of the teats, 
the rattle of milk buckets etc stimulate, through 
the central nervous system, the secretion by the 
hypophyseal posterior lobe of the oxytocic hormone 
mto the blood Oxytocin causes contraction of the 
contractile cells present in the udder and is thus the 
immediate cause of the ejection of milk According 
to Ely and Petersen we are here dealing with a 
conditioned reflex 

W E Petebien and T M Ludwicr*, working 
with the excised bovine udder, perfused and emptied 
as completely as possible by milking, have shown that 
if a whole udder is perfused with blood from a normal 
cow there is no ejection of milk If, however, the 
udder is perfused with blood from a cow which has 
been subjected to the milking stimulus, an ejection 
of milk is observed Thu blood must therefore 
contain a chemical substance which evokes milk 
ejection, a substance which appears to be destroyed li 
the blood u kept at room temperature for half an hour 

These observations of Petersen are so important 
that, in our opinion, they justified our carrying out 
a quantitative research on thn question Our 
perfusion method is well suited for this purpose 
For experimental animals we have used cows 
giving 3 to 61 of milk daily In each cane the udder 
was free from mastitis, acute or chronic, and the 
two udder-halves were absolutely symmetrical and 
identical from the grew anatomical and physiological 
viewpoints 

Before killing the animal we took 4 1 of blood 
from the jugular vein, using the largest possible 
trocar and cannula so as to cut down the blood 
sampling time The blood was collected in a conical 
flask containing 930 mg heparin 

The udder was at once wgj^fbd with hot, soapy 
water, a procedure which etttfed the cow to ‘ let 
down' her milk into the udder cutems so that the 
teats became turgid Moreover, the teats were 
manipulated for a to 3 min without milking the animal 

The animal was then killed and a further 4 1 of 
blood collected m ■Hjfrjn si flask containing 250 mg 
heparin rhe udder was excised and perfused with 
physiological saline to wash out all blood from the 
vessels It was then duaected down the midline and 
two absolutely symmetrical udder-halves obtained 
On inserting cannulas into the teats a considerable 
quantity of milk was drawn off This milk was 
present m the udder cisterns and larger ducts 
because of the manipulation, re f erred to above, to 
'which the udder and teats were subjected As soon 


as the flow of milk ceased, perftahm of the two 
separate udder-halves was begum 

We perfbsed the left udder-half with the blood 
collected before the above mentioned manipulation 
of the udd er and teats, the nght half being perfused 
with blood collected after these manipulations 
Immediately after the beginning of the perftision a 
fresh flow of milk from the teat onnnlw was 
observed Milk from the nght and left udder-halves 
was collected separately We should like to draw 
particular attention to the fact that the two halves 
were absolutely separate and the possibility of 
admixture of the blood from the two halves was 
completely excluded 

This experiment has been repeated four times 
with the itxults given in Table I 


TabU I 


Experiment Left udder-half \ Eight udder-hatf 
number milk yield 1 mdk meld 
1 ml 1 ml 


‘ 1 

I bo 

360 


270 

530 

? 1 

i 

345 

* 1 

390 

500 


1 


The milk so collected was evidently present in the 
ducts before the experiment and was ejected as a 
result of the perfusion There was some inevitable 
delay between the slaughter of the cow and the 
beginning of the perfusion of the isolated udder 
In the first two experiments this amounted to 
about 60 mm and m the last two about 80 mm 

These results clearly indicate that more milk was 
in each example ejected from the right udder-half 
1 e from the half perfused with blood drawn after 
stimulation of the udder and teats Thu agrees with 
the results of Petersen and Ludwick and shows that 
after stimulation of the udder there appears m the 
blood a factor causing expulsion of milk 

Neverthele» there was, at the same time, an 
ejection of some milk from the left udder-half te from 
the half perfused with blood drawn before the udder 
was stimulated Thu was to be expected since 
perfusion causes an increase in the volume of this 
udder-half and 10 consequence the galactophorous 
canals and sinuses are sutgected to increased pressure 
resulting in expulsion of milk 

In ex perim ents / and 9 perfbuon began 60 mm 
after the cow was slaughtered The differences 
between the quantities of milk collected from the 
two halves u here considerable The factor which 
appears in the blood after manipulation of the teat) 
was therefore thus still detectable after 60 
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The difference* ere smaller in experiment* 3 and 4 
m which the blood remained 80 min at environ¬ 
mental temperature before the perfusion began 
The blood gradually lost its activity during this 
time According to Petersen the activity u destroyed 
after 30 mm , while we have observed marked 
activity after 80 mm 

Our experiments show that after stimulation and 
manipulation of the teats a fhetor which evokes 
expulsion of milk appears m the bipod , however 
they do not give any indication of the site of formation 
of this factor 

PHY810LOOY OF THE CISTERN 

The pcrfuiion technique enables the physiology of 
the cistern' to be studied ‘The cistern pressure is 
determined as shown in Figure a As indicated m 
thp figure the base of one teat is cut and a metal 
cannula (G mm diam) is inserted into the cistern 
One of the arms of the cannula is connected to a 
manometer filled with milk, one limb of which is 
open and the other connected to a Marcy tambour 
which registers changes of pressure in the cistern 



Figures Raghtratum rf cisUrn prauurt 

The principal findings may be summarized as 
follows 

a if one fills the astern rapidly the pressure record 
shows a typical inflection when the pressure attains 
9 o cm Hg This inflection is probably due to the 
opening of valves in the canals of the udder 

b as soon as the astern u full the pressure 
diminishes rapidly because of relaxation of the 
dgfcrn wall and becauK of the passage of milk into 
the deeper ducts In one case the astern showed 
fable rhythmic contractions 

a if the astern is filled by succemve fractions 
amounting*to 900 ml, fte ittypase m pressure is 


slow and regular The pressure re co r ds obtained 
with the isolated organ and in the living animal 
are similar 

d the filling of the cisterns causes an increase in 
the blood pressure m the large veins near the base 
of the teat 

4 pitocin causes a flow of milk from the alveoli 
into the cistern and an increase in the cistern 
pressure 

/ adrenalin diminishes considerably the cistern 
pressure because it causes vasoconstriction 

g if an isolated udder 11 perfused with blood from 
a freshly milked cow the cistern pressure increases to 
the same extent as after the injection of pitocin 

A neither smooth muscle nor sympathetic nerve 
fibres exert any important influence on the physiology 
of the cistern 


BIOCHEMICAL ASPECTS 

Our perfusion method a useful for a variety of 
physiological experiments Thus it has enabled us 
to study the innervation of the mammary gland* 
but has not proved satisfactory for biochemical 
experiments for a very simple reason Because the 
quantity of blood in the system must be limited on 
account of the fact that the anti-coagulant is very 
expensive, metabolites tend to accumulate, thus 
giving misleading results and obscuring biochemical 
interpretation In order to obviate these difficulties 
we are carrying out perfusions of the sheep udder 
and we hope, by the use of isotopes, to be able to 
clarify, at least partially, the* biochemistry of 
lactation 4 

It u our vary ognaobla duty to axptass our thanks hara to 
Ih$ Batgm 1 Foundation, IRS IA , which has gemrousfy 
supported our researches and to Dr S> J Foliy for translating 
this article 
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11 is only within thi hut ten years that progress has 
enabled us to investigate problems of nutrition with 
some degree of confidence, for only recently has 
knowledge of amino acids, vitamins and trace 
dements reached a stage which permitted the design 
of experiments to determine requirements in relation 
to production But previous experience warns us 
that our present ignorance will be measured in the 
future Although we could plan with confidence 
during the war years we still did not know the 
answers It was with this m mind that at the end of 
the war a new attack on the fundamentals of animal 
nutrition was planned at the Rowett Researc h Institute 

1 he first task was to create an organization which 
could make a first rate contribution, and for this 
scientists capable of making an intimate investigation 
into the physiological, biochemical and micro¬ 
biological processes involved in digestion, absorption, 
metabolism, growth, fattening and reproduction were 
necessary It was also necessary to see that we had 
the technical and farm staff, and equipment for the 
purpose It was early appreciated that the relation¬ 
ship of nutritional state to resistance to disease should 
be a subject of intensive study, as also host-parasite 
relationships It was also recognized that problems 
of nutrition would arise, which although emanating 
from the practical side would be concerned with the 
very bases of our knowledge of nutrition 

For the tasks in hand the. physical equipment* of 
the Rowett Research Institute is bong expanded 
The laboratory block, the original Rowett Research 
Insutute, is now bong enlarged by the addition of 
a third storey and the large and small animal build¬ 
ings, the latter air conditioned, are also being 
enlarged. The Rod Library Embodies the admini¬ 
strative headquarters, the library proper, and the 
Commonwealth BUrcau of Animal Nutrition In the 
Duthie-Craibstone Farm of about goo acres are 
pooled the joint resources of the Institute and the 
North of Scotland College of Agriculture 

[M1GKOB1A1 METABOLISM AND NUTRITION 

For many years now the digestibility and nutritive 
value of potential foodstuffs have bam a subject of 
study at this Institute Hus work is being extended 
to determine the influence of pregnancy and lac¬ 
tation oq digestibility and the interactions of the 
protein, carbohydrate, fat, vitamin and mineral com¬ 
ponents of the diet on the digestibility of the whole 
ration But, in addition to this traditional line, a 


biochemists and physiologists with particular em¬ 
phasis on the biosynthetic activities in the alimentary 
tract and what these mean to the organism and in 
the planning of rations On the mineral side chief 
emphasis is on the metabolism of bone and the 
physiological factors which influence it Studies on 
vitamins and endocrine activities are being initiated 

Digestion—effect of mtcro-orgamsms — Comparative 
studies of the nitrogenous and non-mtrogenous com¬ 
pounds in feeding stuffs and ruminal micro-organisms 
are being conducted with the primary object of find¬ 
ing chemical differences be tween feeding stuffs and 
rumen micro-organisms which will permit a means of 
measuring the development and contribution of the 
latter to the total ingeita Consideration of the 
unexpected differences which have been obtained 
on administering a casein supplement to sheep on 
a low plane of nutrition by rumen and by duodenal 
fistula, when placed alongside the observations of 
others, suggests that microbial deamination may be 
very rapid with such a protein and may^advt rsely 
affect its utdization Investigations of the ‘ non¬ 
protan nitrogen ’ of fodder materials have established 
that a high proportion of this is represented by 
oc-amino acids in ‘ free ' and ‘ bound v form la 
all this work the Van Slyke ninhydnn-CO t technique, 
partition chromatography and electric transport 
methods have proved invaluable 

Observations have also shown that a huge pro¬ 
portion of the nitrogen of the rumen contents is. 
situated in the bodies of the micro-organisms and 
only a small proportion is in the form of soluble 
nitrogenous constituents Coarse plant residues 
account for about 30 to 40 per cent of th< total rumen 
content of nitrogen In collaboration with the 
Macaulay Institute,' it has been shown that these 
micro-organisms concentrate trace elements in their 
substance Thu is of particular interest in relation 
to cobalt and its role in the ruminant Experiments, 
to prove whether or not the action of cobalt is 
localized in the rumen of the sheep an; under way 
and should soon be completed 

Work upon the nuclear material of the rumen 
micro-organums of sheep and on the fermentation 
of pentoses in the rumen and the polysaccharides 
stored in the protozoa has commenced, also studies 
on the production of certain members of the a group 
of vitamins It has been noted that there is a con¬ 
siderable increase in the storage of substances con¬ 
taining glucose in ruminal sediments two to three- 


more dynamic approach u being developed by the hours after feeding, but only a small co rresponding 
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increase in these substances in the micro-organisms 
passing out of the abomasum (the fourth stomach in 
ruminant mammals) The Application of quantitative 
paper partition chromatography to an assessment of 
substances containing glucose in the micro-organisms 
of the rumen and abomasum of sheep fed on hay has 
shown that glucose so combined passes out of the 
abomasum at the rate of five to six gm per twenty 
four hours Hie role of microbial cellulase and 
glucuronidase 11 also being studied 

Work is designed to characterize on morphological 
grounds the micro-organisms of the stomach and 
intestine of sheep so far as this is possible Pre¬ 
liminary work to investigate the mode of the trans¬ 
mission of the protozoa ot the rumen has been started 

The physiologists are also concerned in studying 
the flow of food from the abomasum, the rate of 
secretion and the acidity of gastnc juice, the absorp¬ 
tion of short chain tatty acids from the rumen and 
the relative proportions of glucose to fatty acid in the 
portal blood ot sheep 

Observations on the physical size of the food 
particles fed have shown that when immature sheep 
are fed for a considerable period of time the differing 
physical character and volume of their digestive 
organs, rumen in particular, bear a relationship to 
the bulk of food consumed 

Preliminary experiments on the horse and rat have 
shown that when the animal is forced to eat a diet 
with a constantly high propoition of dried bracken 
a conditioned vitamin b x deficiency is set up lhe 
experimental evidence so far obtained at this In¬ 
stitute indicates that the effect of brae ken may be 
more uncertain in the case of the ruminant In¬ 
vestigations on the 1 toxicity 9 of red and white clover 
juices are also being made 

While there is thus an integrated study of the role 
of the microbial population of the rumen this u 
not the only focui of interest for the microbiologist, 
for in the large intestine the microbial population 
plays an interesting role For example, it has been 
found that uncooked potato starch differs from un¬ 
cooked maize starch in the pig, in that the maize 
starch 11 laigely digested in the upper part of the 
gnall intestine and absorbed there On the other 
hand uncooked potato starch largely escapes diges¬ 
tion in the small intestine and reaching the caecum 
acts as a substrate for micro-organisms The dominant 
organism in our studies has been a Clostndtum 
butynatm which has an a-amylasc of considerable 
interest to bur collaborators in the Organic Chemistry 
Department at Bangor University This organism 
also produces several vitamins of the a group which 
make good* deficiency of these in the diet It is 
pretuafed that these vitamins are absorbed It 


would appear that this biosynthetic advantage may 
be achieved at a lowered economy of carbohydrate 
There may be an advantage in some of the carbo¬ 
hydrate resisting digestion higher up and acting in 
the lower bowel as a substrate for the synthesis of 
B vitamins 

The remaining studies on vitamin requirements are 
mainly concerned with the nutrition of chicks I he 
value or different fractions of liver extracts as sources 
of unknown factors m synthetic diets and the im¬ 
portance of the level of dietary manganese and choline 
on bone development arc being investigated The 
possible use of condensed fish solubles (from herrings) 
as a supplement to all-vi getable rations and the use 
of herring alkali reduction meal as a partial or com¬ 
plete replacement lor white hsh meal aie being 
investigated 

Mineral metabolism and nutrition —On the mineral 
bide, apart from the work on cobalt already mentioned, 
an investigation on the depletion and subsequent rc- 
plc lion of calcium m the various parts of the skeleton 
and the factors involve d have been studied at different 
levels of calcium intake during successive gestations 
and lactations in the rat 1 he pattern of the investi¬ 
gation is being extended to sheep, and it is hoped to 
assess the adequacy of grazings by observations on 
skelttal structure by using chemical histological and 
x-ray measurements The availability of calcium firom 
various parts of the skeleton during the depletion 
period and their capacity for subsequent recovery 
over the repeated pregnancy lactation cycles 11 also 
being followed Using a technique involving in¬ 
filtration of the bone vascular system, the site and 
degree of mineral depletion can be demonstrated 

The response of the skeleton to oestrone and 
progesterone is being investigated in the calcium 
depleted animal and studies on the interactions of 
calcium, magnesium and fluorine, and sex are being 
made on rats on diets of normal iodine content 

Investigations arc afoot to determine the pattern 
of grazing and general feeding behaviour of farm 
and laboratory animals in relation to physiological 
state Space permits reference to only one experi¬ 
ment 1 n this it was found that rats allowed the choice 
of a vitamin b deficient refcctivc or a non-refcctivc 
diet demonstrated that under these circumstances 
appetite did not guide the animals to choose the 
food allowing of survival 

Nutrition tit relation to wfectwn and infestation — The 
work of the Pathology Department m mainly con¬ 
cerned with an attempt to define nutritional state in 
relation to resistance to disease In the first instance 
attention n being paid to nutrition in relation to 
resistance to infection So far it has not been possible 
to isolate the nutritional effect' and compare it with 
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other Ike ton known to influence the coune of infection 
—vuch factors, for instance, as heredity, dote of in¬ 
fecting agent, previous contact with the infection, 
environmental temperature, ventilation and hygiene 
The principle adopted by the Institute is to use small 
animals to establish as many unequivocal relation¬ 
ships as possible then to define the dietary factors 
responsible for their mode of action and finally to 
see whether we have discovered anything which can 
improve the advice we have to offer on the feeding 
of domestic animals and man It has been found 
that mice reared and maintained on the Rowett 
Institute stock diet exhibited a greater degree of 
resistance to the spread of tuberculosis than did a 
comparable group on the Sherman-B diet although 
both diets supported good breeding performances 
These two diets did not differ m the resistance they 
conferred against salmonella infection Thu distinct 
difference in resistance to tuberculosis u one of the 
first examples of an effect on resistance to infection 
brought about by nutritional state So far it has 
not been possible to find the factor or factors 
responsible for thu difference The use of chicks as 
an experimental animal for studies on infection a 
a ho being explored The influence of a conditioned 
pyridoxin deficiency produced by excess of vitamin 
a t in the diet, on the growth, reproduction and 
health of rats u being followed, as u also a glomerular 
lesion which has been observed in the kidneys of 
rats fed on a pyridoxin deficient diet 

It has been fqund that a dietary supplement nch 
10 protein led to an increased antibody formation 
in Blackface ewrs immunized against diphthma 
toxoid with a resulting higher level of passive im¬ 
munity in the lambs The same dietary supplement 
had a favourable influence on the worm burden as 
judged by weekly faecal egg counts of Blackface lambs 
but not of the ewes themselves 

Collaborative work has begun on the cause and 
prevention of proliferative dermatitis (‘ Strawberry x 
footrot •) of the legs in sheep 

In commercial piggerft* which are generally cold 
and damp there u a high death rate amongst the young 
animals—particularly after the third week of life and 
often about the fifth pr sixth week At one stage it 
was thought that the primary factor was an iron 
deficiency, but although iron docs in part improve 
the haemoglobin concentration, experience has 
shown that this is not the primary factor Research 
at this Institute suggests that excessive coding may 
be responsible for the lesions observed m the liven 
of the young animals that die near the tunc of 
weaning To investigate the matter further a team 
to make psychoenergetic studies on pigs is being 
established 


EFFECT OF PLANK OP MSTABOM'M AND 
NUTRITION 

An experiment to detemune the long term effect 
on health and normal production span of feeding 
lodinated casein to dairy cows during successive 
lactations is still being continued Treatment given 
for 16 weeks during the declining phases of lactation 
appears to be effective in increasing the yield for 
about nx weeks only It seems to have an advene 
effect on the length of lactation and subsequently 
on the total yield 

Ihe remainder of the experiments to be described 
are concerned with planes of nutrition One of these 
is an experiment with identical twins planned to 
determine the effect of different planes of nutrition 
on growth, yield and the health of dairy cattle The 
main purpose behind the experiment is to determine 
if the character of the diet in early life has an in¬ 
fluence on the development of the alimentary canal, 
the rumen in particular, so that it permits a greater 
intake during the first and subsequent lactations 

It has been found that ewes which had been 
stunted during their first pregnancy an adolescence 
have after two to three yean on a good nutritional 
plane sull not reached the weights or skeletal sizes 
of those on a good nutritional plane throughout 
There is some indication that development of the 
sheep's udder brought about through differences m 
nutritional planes in the first breeding year is reflected 
m its development in later years Lamb weight at 
weaning is related to lamb weight at birth and 
emphasizes the necessity for good nutrition of the 
pregnant ewe in order to produce lambs of good 
size and vitality 

By weighing the offspring after each feed it was 
found that the milk yield of a large white sow over 
a 56 day lactation was 6a 5 gal (084 4 1 ) When half 
the litter was kept under the cold and rather damp 
environmental conditions of the animal metabolism 
house they ate very little supplementary food, whereas 
the other half fitter which had artificial heat ate a 
normal quantity and were superior pigs at weaning 

No effect was observed on young pigs from birth 
to 13 weeks of age from the uyection of an expert* 
mental fiver extract 

In the dengn and analysis of most of die expen* 
meets statistical treatment ts introduced Expen¬ 
men ti are also planned m order to test statistical 
theory This intimate association of experimentalist 
and statistician is of very considerable mutual benefit 
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Forum 

Interfacial Tension of Medtctnal 
Paraffin! Water 

The pendent drop thape method of measuring 
interfacial tensions whether uvng a camera or a 
microscope, would provide a simple and extremely 
sensitive means of detecting minute traces ol watei - 
adhesive impurities in Aipo/ and other liquids with 
negative spreading cot fficienta This is suggested by 
the fact that H W Douox as 1 obtained 5a dyne/im 
for the interfacial tension ol At^o//water, while I 
found that 36 dyne/cm was the interfacial tension 
against water of some ordinary medicinal paraffin 1 
the acid impurities of which were too slight to be 
detected by acid value determination 

Incidentally, I should not have (Used the word 
' pure 1 on p 88, line 5 ol the right hand column in 
referring to my sample, which was taken from liquid 
supplied m bulk to the laboratory 

S Mathews 

barkswood 
Ivor Heath 

Backs {RscnvojfMetnh £930) 
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Miscellaneous Notes 


UNIVERSITY APPOINTMENTS 

London — Dr E K Rideai, fri, has been ap¬ 
pointed to the University Chair of Chemistry 
tenable at King’s College from i August 1950 
Manchester — Dr S C Harland, fra, has been ap¬ 
pointed George Harmon Professor of Botany and 
Director of the Botanical Laboratories and Ex- 
pc nmcntal Grounds in succession to Professor 
E Ashley He will take up his duties on 1 Septem¬ 
ber 1950 

AWARDS 

Royal Astronomtcal Society —The gold medal of the 
Society has been awarded to Professor J S itbbins, 
Director Emeritus of the Washburn Observatory, 
University of Wisconsin, and now Research Associate 
in the Lick Observatoiy, University of California 

Royal Geographical Society — H M The Kino has 
approved the award of the Royal Medals as follow* 
Founder’s Medal G F Waipolf, Director, 
Department of 1 ands and Survey, Kingdom of 
Jordan, for contributions to the mapping of the 
Western Desert of Egypt, 

Patron a Medal Professor H Sverdrup, Direc¬ 
tor, Norwegian Polar Institute, for contributions 
to polar exploration -md oceanographic in¬ 
vestigations 

The Council has awarded the \ ictona Medal to 
Professor L de Martonne, University of Paris, lor 
studies in physical and regional geography 

Institute qf Metals— The first award of the W H A 
Robertson Medal has bem made to W J Ihomas 
and W A Fowler 

ELECTION OF OFFICERS 

Coal Utilization Joint Council—J S Turner has been 
re-elected President and Sir John Giearrinoton 
Vice-President of the Council for 1950 

Institute qf Locomotive Engineers — R A Riddle, 
lbe, has been elected President for the session 
1950-51 


DEPARTMENT OP SOIBNTIFIO AND INDUSTRIAL 
RESEARCH 

hfydrauhes Research Organization — The site chosen for 
the Research Station is at Howbery Park, near 
Wallingford It is hoped to move into the new 
buildings in the spring of 1951 In the meantime 
use is being made of facilities provided at the 
National Physical Laboratory and suitable University 
Departments 

A model of the estuary of the River Forth is in¬ 
stalled in the Hydraulics Laboratory at Teddington 
The major questions which have been investigated 
with the aid of this model are the effect on the 
rcgim< of the estuary of constructing 

I embankments to enclose lagoons into which 
dredged material would be dumped for re¬ 
clamation 

II piers of the proposed Forth Road Bridge 

in dredging round the Beamer Rock to a depth 
of 45 ft f 13 7 zn) below Chart Datum 
ip removing the Beamer Rock, a rock pinnacle in 
the middle of the nver between the Forth 
Bridge and Rosylh, to 45 ft below Chart Datum 
v extending the south arm of Rosyth Dockyard 
a in open construction at the shore end, and 
solid construction at the outer end, b m solid 
construction for its whole length 
The reproduction of silting has proved extremely 
difficult, due to the low value of Reynold’s number 
in the model, consequently the investigations have 
been largely based on an analysis of the past history 
of the estuary and a study of the tidal currents The 
experimental studies are being continued 

Among the numerous investigations which have 
been undertaken is work m which data have been 
obtained about the relation between storms and coast 
erosion at Worlungton and Bndport This mformauon 
will be available when die new laboratory is complete 
and large models can be constructed to study such 
problems on ap adequate scale 


Institution of Mechanical Engineers — Names of mem¬ 
bers of Council announced at the Annual General 
Meeting include President, Dr S F Dorey, c b f , 
f r s , Vice-President, A C Hartley, c b s , and 
P l Jones, m c 

Institute of Metals —The following officers have 
been elected for the year 1950-51 President, H S 
Tasker , Vice-President, Professor H O’Neill and 
ProfcswgF C Thompson Professor A J Murphy 
has been elected senior Vice-President for the year 
and he will be the next nomination of the Council 
fbr the Presidency 


BRITISH GOAL UTIL1SA1 ION RESEARCH 
ASSOCIATION 

It has been found that certain simple organic sub¬ 
stances with an ammonia base have a powerful 
action on coals of high volatile content, causing them 
to become dispersed in minute particles The par- 
ticks are smaller than any that can be obtained by 
mechanical means In tins state it will be possible 
to use the coal m various ways which have not so 
far been explored For example* when the dispersed 
coal is ad de d to an excess of coal and is gently 
heated, it sets firm and has water repellant properties 
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The landing properties of these coal/solvent mixes 
•can be used in the preparation of briquettes and also 
of special refractories 

During the last year the B C U R A has devoted 
considerable effort to finding methods of burning 
'bituminous coal without making smoke The work 
(has included research on the mechanics of combustion 
of bituminous coal and the factor? which affect the 
production of smoke m closed fireboxes In the past 
there has been a lack of accurate methods for 
estimating smoke , various instruments have now 
been devised and these should prove of value to 
member firms and Other research organizations 

During the course of some of these reseat ehes it 
was found that if certain gases were added to the 
air passing through the fiiel under conditions of 
forced draught the formation of soot particles was 
greatly reduced Carbon dioxide, nitrogen and water 
vapour are all useful m this n spect, and all of them 
arc constituents of the flue gases Work on systems 
of recirculating the flue gases through the futl bed 
is now progressing 


On the recommendation of the Fuel Research 
Board, the D S I R has asked the B C U R A to 
make a study of the use of coal as fuel for gas turbines 
in a cyclone-type combustion chamber, this being 
so designed that the products of combustion are 
dduted with air to give gases at temperatures suitable 
for use with a gas turbine 

INTERNATIONAL UNION OF CRYSTALL 90 RAPHY 
By land invitation of the Swedish National Com¬ 
mittee for Crystallography, the Second General 
Assembly and International Congress of the Union 
will be held in Stockholm, 37 June-3 July 1951 The 
programme has not yet been decided in detail but 
it is suggested that it might be generally similar to 
that oi the Congress held at Harvard University in 
1948 Bntish crystallographcrs are invited to apply 
to Dr D C Martin, Assistant Secretary, The Royal 
Society, for further details 

t ORRFCTION 

We regu t that Dr F A Vick was wrongly given 
as Dr V A Vick on p 135 


New Books 


A Survey of General and Applied Rheology 
Second edition c w scott blair 
(xe | 3*4 PP» rfiUus, 8\tn by 5iia) 

London Sir Isaac Pitman and Sons Ltd, 1949 40J net 
Singe first published in 1943 this work has become 
the standard reference book of practical rheology 
The author is himself a well known pioneer in this 
field and the contents of Part II of the book, namely 
4 Rheological Interpretation and the Evidence of 
Psycho-Physical Investigations are entirely his own 
creation, with the assistance of one or two co-workers. 
With his psychorheological investigations he has 
initiated a line of thought which may reach much 
further into the realm of physics Physics as the 
banc science of the external world starts from the 
picture of this world as conceived fay human beings 
this picture is made up of sense impressions One 
has such seme unprmons as * hot ’ and * cold 
1 hght * and * dark \ * firm * and * soft' Around 
these, the physicist builds up the branches of physics 
called Heat, Light, Rheology etc Then he proceeds 
to dehumanise than and Heat becomes 1 movements 
of partic]£S 1 and Light 1 waves of nobody-knows- 
wfaat ’ and Rheology p deformation of pedia' etc 


Dr Scott Blair has shown in rheology that thu» is 
neglecting too much the other side of the sense 
impression relation mz the internal world, the basic 
science of which is psychology He has brought both 
worlds together in ins particular field and made 
them human again, dedicating his book to Bill, the 
expert worker who judges by rule of thumb methods 
He has correlated these methods with the 4 pointer- 
readings ' to which Eddington wanted to reduce 
physics 

I have dealt first with the author's most original 
contribution To this is related his development of 
the Nutting equation, leading him into the philosophy 
of ‘dimensions 1 in which he has recently been 
seconded by Professor Dingle, PM Mag, [7] 5' 
(i949) 94 I understand that Dr Soott Blair is 
publishing a book dealing extensively with this 
philosophy under the title of Measurements qf Mmd 
and Matter (Dennis Dobson Ltd, London) Left the 
reader should get the impression that this Surv& 9 
which r have called the rhedoguts 1 handbook on 
practical rheology, is more philosophical than 
practical, let me emphasise that Part I of the book, 
on * Rheological Phenomena and their Measure* 
meat 11 of an entirely different character. It can 
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confidently be said that not a tingle rheological 
phenomenon mentioned in the moct obscure c or ner 
of the scientific world, including Russian publications, 
has escaped attention and 11 not here recorded The 
same applies to methods of measurement for which 
the most exhaustive references are given It is hardly 
necessary to draw the attention of the rbeologist 
to this invaluable feature of the book As a matter 
of fact, there rarely appears a paper on a rheological 
sub|ect in which the first edition of this book is not 
quoted All rheologists w general will need this 
second edition which has doubled the size of the 
book and includes everything which rheology has 
acquired between 1943 and 1949 

M Reuser 

Biometrical Genetics, The Study of 
Continuous Variation 

K MATHER 

(tx+i6*pp, 16 Ulus, 33 tab Us, 8^ tn by 5J m) 
London Methuen and Co Ltd, 1949 181 net 

This book does not, as its title might imply, attempt 
to discuss the whole range of biometrical genetics, 
but is devoted primarily to the exposition of certain 
ideas of the author One category of these is con¬ 
cerned with the nature of the biological system on 
which continuous variation depends Previous 
authors have supposed that the numerous genes 
concerned are essentially similar in nature to other 
genrj Mathe*, however, suggests that we are 
dealing with a special category of genes which he 
names ‘ polygenes ’ He originally supposed that 
these differed qualitatively from the major genes 
(‘ ohgogenes ’) m that they consisted of hetero- 
chromatin rather than euchromatin, but this idea 
has had to be given up and he now seems hard 
put to it to argue that his polygenes are sharply 
differentiated from ohgogenes, or differ m any 
appreciable way from the 1 multiple fhetors * which 
have been a commonplace in genetical thought for 
many years 

More importance* perhaps, attaches to emphasis 
which Mather places on the existence of linkage 
between groups of ^nes concerned with continuous 
variation Linkage is a general phenomenon, and 
is obviously a factor to be reckoned with m this 
connection But its importance will vary with the 
circumstances It is likely to be more important 
in organisms, such as the Dmaphla studied by 
Mather, in which the number of chromosomes is 
small; and it will he important m inbred and highly 
•elected lines, from which disadvantageous genes 
which ere not closely linked with advantageous 
ones will have been largely eliminated , it appears 


much more doubtful that it ts also important m the 
relatively random-mating outfaced populations with 
which the practical animal br eed er u concerned* 
It 11 unfortunate that Mather does not attempt 
any discussion of these points 

The greater part of the book is devoted to the 
elaboration and application of Mather’s own 
statistical technique for the analysis of variance tn 
crosses This is based on the consideration of a cross 
between two relatively pure lines and ts thus, in the 
first place, applicable only to plants since such lines 
are not usually procurable in animals However, 
the simpler situation allows the analysis to be 
pushed somewhat further Mather works out 
several examples m detail and demonstrates the 
power and precision of his approach if it can be 
confronted with suitable data in relation to which 
Mather’s assumptions as to gene action are justified 
Hu dneumon of some of the general considerations 
to be borne m mind, for instance the problem of 
appropriate scaling, is particularly valuable It 
remains to be seen, however, whether the new 
refinements of biometrical technique can actually 
be used to produce results of practical value, 
occasionally (for instance, in the derivation of 
4 discriminant functions ’) technique seems to be in 
danger of outrunning practice and becoming an end 
m itself 

C H Waddington 


General Cytologv 

E D P DE ROBERTO, W W NOWTOKI and F A BAEZ 

Translated by w Andrew 
(« 4 345PP. r4stUut, gut by 6ut) 
Philadelphia and London W B Saunders Co , 1949 
*3 50 or 27j 6rf 

What u General Cytology ? It is apparently the 
sum total of what can be learnt of the cells or from 
the cells of plants and animals The subject 11 large 
and heterogeneous Three authors are probably the 
least number that are needed to cover it and even 
these three have not seriously considered the plant 
cell save at die chromosome level where the sub* 
division between plant and animal so largely lapses. 

Another subdivision of the subject is made manifest 
by this work that between technique and theory. 
Techniques give a kind of unity at least to the study 
of the animal cell and there are accounts of a great 
variety of techniques in this book Photography is 
dealt with in many of its new aspects ultraviolet, 
electron and phase contrast as well as darkfidd 
New methods of fixation and ftammg, secUomng and 


nucronuuupuladon are dise uw ed and illustrated. 
aa8 ' 
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It b too early to expect a corresponding theoretical 
unity between the obervations and experiments 
derived frotn this variety of techniques The 
theoretical ode n indeed somewhat bald and dis¬ 
connected even in the field of the chromosomes to 
which genetics has given both a mechanical and 
physiological unity Cell division, and particularly 
cell drvmon in Protosoa, where the nucleus and the 
cytoplasm and its ofganellae attain a momentary but 
significant cooperation, u not very well described 
Misprints are many and sometimes baffling Mendel 
toiling with peas in 1885 , Corasns labouring with 
* Brysoma *, Beadle studying 1 a hybrid of Z*a 
tuehkmta would present a beginner or a zoologist 
with several insoluble problems Translation (from 
the Spanish) would also lead to difficulties for 
beginners who might not realize that 1 Equilibrium 
of the Genes * is what Bridges and everyone else 
has called 4 genic balance' In the method of 
introducing and defining large numbers of terms 
some of which (like telomere or karyokinesu) are 
not used outside books, this book is no worse than 
many others Such terms are no doubt a godsend 
to examiners and students alike in enabling them to 
go through the pantomime of asking and answering 
with decorum examination questions which neither 
party understands They arc however a hindrance 
to knowing the subject—a purpose which a few 
students will, we hope, always have in view 

These various defects however (if borne in mind) 
do not deprive the book of value for workers in the 
field of animal cytology it shows what kind of work 
is being done and also how to set about it Its 
figures are good, its bibliographies excellent 

C D Daruncion 


Isotopic Carbon Techniauea in its 
Measurement and Chemical Manipulation 

If GALVIN, G HE1D8LBEROER, J G REID, B If TOLBERT 

and p r yankwick 

pp, icy tUus, gv 1 by w) 

New York * John Wiley and Sow Inc, 1949 $5 50 
London Chapman and Hall Ltd, 1949 331 net 

This handbook, by several members of the Radiation 
Laboratory of the University of California, sum¬ 
marises m a relatively brief and manageable form 
the work which has been done so far in the use of 
carbon isotopes for tracer purposes. As u natural 
from the state 0 1 the subject, one of preparation 
rather than of achievement, it deals almost entirely 
with methods of measurement and with the 
preparations of marked compounds It is intended 
not so mu en for the student, who will find it and 


reading, as for the investigator for whom it offers a 
survey of the original papers The methods are often 
abstracted m considerable detail, in feet frequently 
m sufficient detail to enable the preparation to be 
repeated without reference to the original paper 
It will thus bo very helpful to investigators m 
planning their work to have a bird's-eye view of 
the various methods oi introducing isotopic carbon 
into compounds which have been used It is to be 
hoped, however, that this will not deter them from 
trying many other methods 

About a third of the book is devoted to the 
synthesis of C 14 -la belled compounds and this section 
is followed by a brief discumon of some degradation 
procedures These are used to determine which 
carbon atoms of a compound are labelled, and some 
bio-synthetic methods of preparation of complex 
compounds are also included 

The preliminary chapters on radioactive measure¬ 
ments will, I imagine, be suitable for reference to 
supplement actual experience in a physics laboratory 
It u difficult to see, however, who would make use 
of details such as the circuit diagram for the 
Landemann electrometer, which is given It seems 
to be assumed that the investigators m this field will 
have a practically negligible knowledge of physics I 
I suppose Urn is the logical consequence of modem 
tendencies towards specialization and the use by 
more or leas unqualified people of delicate physical 
instruments as tools, m the same way as we use stop 
watches without bothering about their construction— 
a tendency illustrated by the recent offer of Gctger- 
Muller counters by a New York store at bargain 
prices 

All this work is preparatory to the real objective 
of using labelled compounds for exploring the 
metabolic transformations of substances in living 
tissues It will be clear that this phase of the work 
is in a very preliminary state The authors wisely 
avoid giving details of those experiments in this 
direction which have been earned out—experiments 
which wifi be superseded in a short time—and 
content themselves with a bibliography which 11 
complete to 1948 

J A V Butler 


Books to Come 

Advanced Organic Chemistry Vol Ion dyson 
(ffOOo pp; tUus; rqyai 600) London 
Green and Go Ltd 63* net 

Die theor ct ischcn Gnmdlagen dcr analytischen 
Chemie o, hAgq (*oopp, *6%Uus) Basel: 
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Crystal Chemical Considerations of the Surface Chemistry of Silica 

W A WEYL, Dr Ing 

The structure of sxltca and qf all of the known silicates is governed by three principles i silicon 
ts tetravalent in all crystalline compounds with osygen, 2 it is always surrounded by precisely 
four oxygen ions , 3 the Si 0 4 tetrahedra, the universal budding units of the various modtfirahons 
qf SiO t and of the natural and synthetic situates, may be interlinked by having one common 
oxygen ton, but they cannot share more than one comer In the surf cue of SiO t at least one qf 
these rules must be violated A possible surface structure is discussed and some qf its unusual 
chemical reactions are derived Freshly broken SiO t tears apart an oxygen molecule from the 
air and produces active atomic osygcn Dehydration of silica gel cannot result m anhydrous 
sxlua according to the formula H4S1O4 => SiO g + 2 H t O, but removal qf protons occurs 
These processes are strongly affected by impurities as well as by radiation 


Serfage phenomena of silicates are becoming in¬ 
creasingly important in the field of catalysis With 
the exception of the base exchange phenomena 
characteristic of clay practically nothing is known 
about the chemical properties of silicate surfaces 
Our present knowledge of the surface chemistry of 
glass has been reviewed recently by Weyl 1 The 
complexity of glasses, however, makes an atomic 
inti rpretation of catalytic properties exceedingly 
difficult Pot example, it is impossible to predict 
whether the alkali concentration of a glass surface 
increases or decreases on heating because temperature 
affects the rate of three different processes, one of 
which brings alkali to the surface and the other two 
of which reduce its concentration through volatility 
and formation of alkali compounds 

For a complete understanding of surface reactions 
one has to start with pure silica 

It is the object of this paper to apply crystal 
chemical principles to the surface structure of SiO a 
and to derive its chemical properties from atomic 
structure The structure of the SiO a surface is 
derived from the dehydration of silica gel and from 
the fracture of a crystalline or vitreous modification 
of anhydrous silica 

The principles which are applied to this problem 
are well established in the crystal chemistry of silicates 
and were worked out by Bragg, Goldsghmidt, 
Warren and other workers m the field of atomic 
structures In addition to the principles which gov er n 
the atomic structure of crystals it is essential for the 
* understanding of surface phenomena to consider the 
strong polamauon effects which result from asym¬ 
metrical force fields For this purptxe the rules of 
polarisation of Pajanb are the guiding principles 


Surface structures arc defect structures Classical 
crystal chemistry does not take into consideration the 
fact that each crystal must have surfaces but treats 
crystals as symmetrical arrays of ions which extend 
infinitely in space The parameters commonly used 
for describing a crystal structure, such as mtemuclear 
distance, coordination number and symmetry, apply 
t6 the average atom but not to atoms in the surface 

PRINCIPLES OF THE ATOMIG STRUCTURE 
OF SILICATES 

The atomic structures of silicates are treated in 
several textbooks They are governed by three basic 
principles 

/ in the condensed state (crystals, glasses, aqueous 
solutions and fused salts) silicon in combination with 
oxygen has the valency of four 
s the modifications of silica and of silicates reveal 
that the Si*+ ion is always surrounded by precisely 
four oxygen 10ns The Si 0 4 tetrahedron seems to be 
the universal budding unit of all natural and syn¬ 
thetic silicates, including silicate glasses 
3 the S1O4 tetrahedra may be interlinked in a great 
variety of patterns They may form chains, double 
chains, ring structures or three dimensional networks 
In spite of this variety of arrangements in space, two 
S1O4 groups have never been found to have more 
than one oxygen ion in common Two tetrahedra 
may share a corner but never a fkce or even an edge 

These principles result from the stability of the 
electron configuration of the Si 4+ (complete octet 
shell) and its strong positive force field The high 
charge of the small silicon ion is responsible for the 
strong Coulomb forces which its ions exert upon the 
0 *~ urns and which lead to the stability of the Sh 0 4 
tetrahedron The combination of strong force field 
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and low polarizability of the Si*+ » rcaponnble for 
the third principle Two S1O4 groups sharing a face 
or even an edge would make the energy content of 
this unit too high to remain stable because string 
repulsion forces exist between two Si 4 + 10ns in close 
proximity Sharing an edge would decrease their 
distance to 58 per cent of that necessary for sharing 
a coiner In order to share a face instead of a comer 
of their tetrahcdra the two central Si 4+ ions would 
have to approach to one third of the original distance 

The high stability of the Si 0 4 group may be judged 
from the extremely low vapour pressure of SiO, in 
the absence of water Dry SiO, would have to form 
O—Si—O molecules m order to vaporize and thus 
would lose its fourfold coordination In the presence 
of water this is not neccnsary because the hydrated 
silica molecule Si(OH) 4 satisfies the conditions of the 
second principle 

Hie tendency to form Si 0 4 groups is so strong that 
it causes the silicon monoxide to duproporuonate on 
cooling SiO, the lower oxide of silicon, exists in 
the vapour phase, where it has been found spec¬ 
troscopically by Bonhoeffer 1 On cooling the SiO 
molecule, the electronic structure of which probably 
corresponds to that of carbon monoxide, apparently 
is torn apart in order to satisfy the fourfold co¬ 
ordination of silicon The condensation product still 
has the chemical composition of SiO but it is amor¬ 
phous and consists probably of S1O4 tetrahcdra and 
elemental silicon Its chemical reactions are those 
of silicon , it forms SiCl 4 with chlorine and liberates 
hydrogen from a sodium hydroxide solution 

Keeping these facts in mind one can now derive 
the atomic structure and chemical properties of the 
silica surface Some reflection on the surface structure 
of SiO a leads to the conclusion that the surface must 
violate at least one of the three principles which 
govern the structure of the interior of the crystal 

If the silicon were to change its valency from four 
to two, its positive force held would be much weaker 
and it would be less necessary for lti stability to 
maintain fourfold coordination The high charge of 
Si** makes it difficult for it to enter interstitial 
positions and thus make oxygen ions available in the 
surface The relatively high polarizability of the 
large oxygen ion as compared with the small silicon 
ion makes it imperative that the surface be formed 
by oxygen 10ns alone The mobility of the surface 
atoms makes it possible for the O 4 ” ions to be pushed 
into the surface layer and for Si 4 >- to be pushed into 
the next layer This atomic arrangement leads to 
oriented dipoles which form the electrical double 
layer. The surfkce layer will rearrange so that the 
surfoce free energy of the system is lowered even at 
the exp en se of the latfcce energy of the, following 


atomic layers One secs from this point of view 
that the surface exerts a depth action and must be 
treated as a defective crystal It is not sufficient to 
consider only one or two atomic layers if one wants 
to derive surface properties 

In order to develop a picture of the surface of 
silica we shall follow its formation One way to do 
so is to start out with an aqueous solution of a silicate 
or a hydrosol of silica and dehydrate it completely 
Another approach to the surface of SiO a u to break 
quartz or silica glass and discuss the atomic rearrange¬ 
ments which will take place at the freshly formed 
surface in order to conform as much as possible with 
the three principles 

DEHYDRATION Ob blLICt CEI 

Silica gel is the polymerization product of Si(OH) 4 
and is formed by hydrolysis of SiQ 4 or ethyl silicate, 
or by adding an acid to an aqueous solution of 
alkali silicate Orthosihric acid polymerizes fast, but 
the aggregation slows down as the size of the mole¬ 
cules increases Even if the gel has formed, the 
process continues (aging of gel) and in its final stage 
it leads to the mineral opal which then shows the 
beginning of cryitallization to emtobahte 

The polymerization of Si (OH) 4 progresses through 
a number of stages which are characterized by differ¬ 
ent optical and mechanical properties All forms, 
however, follow the three principles in their atomic 
structures Silica gels have an extiemely large sur¬ 
face The surface elements may be conveniently 
described by the formula 

{ s ' , *(v). OH ‘}< H -°>- (0 

which indicates that each Si 4+ ion is surrounded by 
lour oxygen 10ns , three of them are shared with 
neighbouring Si 4+ and consequently count as one 
half of 1(0 *~) The fourth oxygen ion u shared with a 
proton s 9 it is part of the hydroxyl group which 11 
left from the monomer Si(OH) 4 1 hoe OH" groups 
are responsible for the water content of the gel 
because they are able to retain neutral H a O mole¬ 
cules by means of hydrogen bonds (hydromum ions, 
H* 0 + ) 

Heating a silica gd causes it to lose its adsorbed 
water If the temperature is sufficiently high the 
hydromum ions of OH” groups become unstable and 
finally anhydrous silica SiO a is formed Formally 
the last step of dehydration can be described as 

J +h *° 

• (») 

A little reflection, however, will lead to the con¬ 
clusion that this process is not likely to occur becauK 
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two neighbouring silicon ions, ilrady linked together 
by one 0 *~, would then have to ihaie a >ecand 
oxygen ion In other words the final step of de¬ 
hydration of silica gd would cause the surface 
tetrahedra to have edges and not only corners in 
common , an atomic arrangement which violates the 
third principle and consequently would be highly 
improbable 

According to our findings the final step in the 
dehydration of silica gel can be described as follows 

{s“< (^) OH-}(H 1 0). 

+ H,0 •■+(*— 1) H,0 ( 3 ) 

With the removal of the last water of hydration, not 
the OH" groups but only protons or hydromum ions 
are removed, thus leaving the Si 4+ with its complete 
coordination (second principle) and without forcing 
it to share another O i_ with one of its neighbours 
Prom the reaction scheme above two features are 
obvious rhe water vapour which is driven off from 
the gel at high temperatures must give an acid 
reaction furthermore the reaction leads to elec¬ 
trically charged products The vapour phase carries 
an excess positive charge and the solid has a negative 
charge 

In addition there is another feature which is 
less obvious The interior and the exterior build¬ 
ing unit of silica gel, namely {Si^dO*")*} and 
{S^+dO^OH”}, can be described by a chemical 
formula of stoichiometric composition SiO, and 
SiO B . JH,0 This n not possible for the new surface 
unit The formula erf {Si 4+ dO ,_ )tO t “} would have 
to be written as SiO« • } 0 , which means that the 
surface contains excess oxygen 10ns Such a surface 
unit, an 1 E-umt \ is not a normal constituent of the 
crystal lattice but its excess oxygen makes it a defect 

From the structure of the 4 E-units * one sees that 
the one oxygen ion 11 exposed to only one Si 4+ and 
has no balancing positive field at its other side 

The surface units ^ave a dipole moment and all 
dipoles are oriented so that their centres of positive 
charge point towards the interior and their centres 
of negative charge point towards the extenor of the 
particle, an orientation which produces an electrical 
double layer 

Them 4 E-units * can be stabilised by adsorbing 
positive kmh or polar molecules which can balance 
the force field and restore some of its original sym¬ 
metry, Berid r a the electrical compensation the 


4 E-umts 1 are likely to undergo an electron transfer 
leading to divalent silicon and atomic o xyg en 

{ s ‘-*(t).°~}'—{*■*(' v).}'+°' 

( 4 ) 

Under the influence of the positive field of the 
Si 4 + the two valency electrons of the O*" ion are 
pulled over to the Si 4+ and change it into St"+ 
Atomic oxygen is liberated as the result of this 
electron transfer By decreasing the positive charge 
the silicon atoms of the surface area are satisfied 
with incomplete coordination 

The final step of dehydration of silica gel can be 
described as follows 

a the water removed from silica gel by heating 
contains protons or hydromum 10ns with positive 
charges which are not balanced by amons the 
water vapour gives acid reactions and has an excess 
positive charge 

b units are formed m the surface layer of dehy¬ 
drated silica gel which have an excess erf oxygen over 
the stoichiometric ratio Ihe gd assumes a nega¬ 
tive charge during the last phase of its dehydration 

c the surface structure of dehydrated silica gd is 
likelv to release atomic oxygen and to form St l+ 10ns, 
thus leading to a molecular film of silicon monoxide 
or to its product of disproportionation—elemental 
silicon 

silica dust 

In quarts as well as m the high temperature modi¬ 
fication of silica, including glass, the three principles 
governing the structure of silicates demand that each 
Si 4 + ion should share all its oxygen 10ns with four 
others The surface, however, contains some Si 4+ 
10ns which cannot have fourfold coordination 

The surfkce of a freshly broken quarts crystal has 
to readjust itself in order not to Violate one of the 
three structural principles The only way to conform 
with the demands of the three principles consists in 
a chemical reaction with the environment, for 
example, with oxygen or water molecules If suffi¬ 
cient HfO u available at the moment fracture occurs 
the energy requirements for producing a new surface 
are considerably decreased No measurements are 
available for the influence of water on the crushing 
strength of pure SiO, but it has been found that 
the energy necessary to cleave mica 1 amounts to 
9,500 ergs m vac as, but to only 375 ergs in air for 
each sq cm of fresh surface Even in the best obtain¬ 
able vacuum there are sufficient gas moleeqles 
available for reacting with the new surfkce withm. a 
very short time 
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Fxgmi i u a schematic picture of t crystallized and 
b vitreous forms of S1O1 Following us fracture one 
can distinguish two types of Si 44 tons One type 
retains its complete fourfold coordination, but the 
other one cannot The first type has an excess of 
oxygen 10ns over the stoichiometric ratio because it 
shares only three of its four oxygen 10ns with neigh¬ 
bouring Si 4+ , whereas the stoichiometric formula 
of silica, {S^+dO**),} , demands that it share all 
four oxygen ions in equal parts with other S1 44 10ns 
Not only has this Si 44 an exerts of oxygen but also 
an excru negative charge, as can be seen from its 
structural formula {S^+O*" (JO 1- )*}“ It 14 the 


✓ frveturt 



• Si 


od" 


, Fnxtur* 



Fifwi / ffcUei a fuartz b ntnmu stltc* 
htg mi D ctniru * • 


same structural element which was called 
in the preceding'section 


E-unit * 


At the other side of the fracture one finds an Si 44 
which has an oocygen deficiency and an excess 
positive charge It has incomplete coordination 
because it has only three O l_ 10ns and all three are 
shared with other Si 4+ 10ns {Si 44 (tO*“)>} + It 
will be called the 1 deficiency * or 1 D-unit 1 

These centres of oxygen excess and oxygen de¬ 
ficiency are formed in precisely equal numbers Also 
there is no obvious reason for finding more of one 
kind at one fractured particle and more of the other 
at another particle Therefore, dust particles will 
have the stoichiometric composition and be electrically 
neutral However, each of the two centres can 
undergo a change 

E-centrei contain an oxygen ion in a state of one¬ 
sided polarization The positive force held of the 
Si 44 pulls over its valency electron and if it succeeds 
in doing so atomic oxygen is released from the 
E-centre under formation of an L'-centre and atomic 
oxygen 

{—my—■{ s "* my + ° 

(5) 

This procen is greatly enhanced by irradiation 
It leads to atomic oxygen without affecting the 
electric charge of the E-centres 

For each E-centrc formed in the new surface there 
has to be a D-centre as its counterpart D-ccntres 
arc Si 44 10ns with incomplete coordination and an 
excess positive charge Consequently the D-centres 
attract and combine with constituents of the 
atmosphere 


S r .j o* 


Si‘+( ( 


+H.O 


).}* 

HT), oh I 


+ H 4 


( 6 ) 


In a moist atmosphere D-centres attract water 
molecules and combine with their OH" groups, thus 
releasing protons This step neutralizes the excess 
positive charge of the D-centres and complies with 
the demands of the second principle (fourfold co¬ 
ordination) without violating the third (sharing of 
corners only). 

t 

The other powUOty h the reaction of D-oentre* 
with oxygen gf the tomephtre to form E>ccnttee 
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and atomic oxygen The two electrons necessary for 
this step 

{ s, "(T).}* +0<+! ' 

-'{‘•" fir ). 0 -}'* 0 

(7) 

have to be supplied by the defective surface layer , 
this amounts to the release of an oxygen atom and 
the formation of another defect in a deeper layer 
The probability of thu process taking place u greatly 
increased by radiation as was shown by Weyl and 
fORUND 4 

Formation of a new surface by crushing silica in 
a dry atmosphere leads to particles which release 
atomic oxygen In order to comply with the rigid 
demands of the structural principles the surface 10ns 
must undergo a rearrangement Only a part of the 
disturbance created by a surface can be compensated 
for by unusual atomic groupings, such as interstitial 
Si 4+ or three tetrahedra having one common comer 
Some of the Si 4 + 10ns will be left with excess oxygen 
10ns and others with a deficiency These centres 
enter into chemical reactions with the environment 
During these reactions some of the Si 4+ 10ns will be 
reduced to either Si ,+ or elemental silicon 

CONCLUSIONS AND SUMMARY 

It has been demonstrated that the surface of silica 
offers some unique chemical features which can be 
derived from the principles governing the atomic 
structure of silicates under application of Fajans 1 
rules dealing with the polarization of tons, especially 
m strongly asymmetrical force fields One of the 
features consists in the formation of atomic oxygen 
at the surface of freshly crushed silica, or of silica 
gel during its dehydration Fhis phenomenon is 
rare but not unknown in inorganic chemistry , it 
can be observed during the oxidation of elemental 
phosphorus at low temperatures It xs more common 
for organic compounds when they are oxidized at 
relatively low temperatures, especially when irradiated 
with ultraviolet light In a forthcoming publication 
by Weyl and Enright experiments will be described 
using a sensitive colour indicator for atomic oxygen 
which prove that atomic oxygen is formed if quartz 
is crushed Other experiments using the oxidation 
of silver 10ns or metallic silver to the higher oxide 
of silver, Ag t Ot, demonstrate the high oxidation 
potential of the atomic oxygen at the silica surface. 
It has been suggested by Weyl 1 that it is thu atomic 
oxygen at the surface of freshly crushed silica which 
u the cause of its toxic effect In spite of the apparent 
inertnes of silica and the non-pouonoul nature of 
soluble silicates it has been proved beyond any doubt 


that silica dust causes a specific type of pneumo- 
komoau (silicons) the causes of which are still un¬ 
known Early attempts to attribute silicosis to the 
sharpness of crushed silica failed when it was found 
that the sharp dust particles of silicon carbide did 
not produce thu disease Sosman* wrote on thu 
subject as follows * It u clear now that thu u not 
the explanation, but that finely divided silica in the 
lungs u a kind of chemical poison It u about the 
fast substance on earth that the chemist would have 
suspected of being poisonous, for it u 10 universally 
distributed that we all eat it and breathe it all our 
lives * 

The puzzling feature, however, u that soluble 
silicates (dust of cement plants) neither cause 
silicons nor interfere with the metabolism of plants 
and animals Furthermore, 'old dust* of silica 
seemed ineffective so that the typical cause of silicosis 
is * freshly crushed * silica 

Another unique feature of the silica surface u its 
ability to donate protons in the presence of water 
Dehydration of silica gel by heating in air produces 
water vapour containing protons or hydromum ions 
As the charges of these protons are not balanced by 
anions, both vapour and dehydrated gel have excess 
electric charges, the vapour being positive and the 
gel negative 

The chemical mechanism of oil cracking has been 
explained by Turkevich and Smith 7 who postulated 
that the catalyst must provide the protons Hans¬ 
ford 4 proved that deuterium oxide adsorbed on 
cracking catalysts exchanged deuterium for hydrqgen 
at temperatures far below those of crac lung He also 
found that the industrially used catalysts (silica in 
combination with aluminium oxide) have a con¬ 
centration of protons on their surfaces which is 
higher than that of pure silica Most industrial 
cracking catalysts are based on natural and synthetic 
hydrated alumino-silicates Recent developments 9 in 
the field of cracking catalysts show that silica- 
magnesia combinations have properties which arc 
superior in some respects to those of silica-alumina 
catalysts 

For pure silica the mechanism of hydrogen ion 
donation has been elucidated and the role of additional 
oxides shall be treated in a later publication 

Experimental work on the catalytic pr oper tie s ofsthea ts 
sponsored by the Office of Naval Research, Washington D C 
School of Mmeral Industries 

The P enns yl vani a State College 

{Received November S949) 
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Influence of Interfacial Potential on Friction and Surface Damage 

F P BOWDEN, SfD.FRS and L YOUNG, Ph D. 

a 

An experimental study has been made of the tnftuence qf tnUrfaetal potential on the fhetton 
and surface damage of inert metals, such as platinum, immersed tn an electrolyte It is shown 
that small changes in the interfacial potential have a profound effect, both on the friction and 
on the surface deformation The friction is a minimum tn the region of oxygen deposition, 
rises to a maximum at a potential of c 03 volts on the H, scale and falls again in the region 
qf hydrogen deposition The results are explained in terms of the electrodeposition and electro¬ 
solution qf adsorbed gas layers and also of the electrical interaction of the charged double layer 


It u well known that the adsorption of a layer of 
gat on the metal surface may have a profound effect 
on the friction 1 and in this connection it is interesting 
to consider the friction of metals which are immersed 
in an electrolyte If an inert metal such as platinum 
is unmened in an acid electrolyte it is possible, by 
suitably varying the interfacial potential, to bnng 
about the electrodepoaition of either hydrogen or of 
oxygen When the interfacial potential is in the 
region of + 1 o v on the hydrogen scale (the metal 
being positive) the electrode surface becomes covered 
with a monolayer of oxygen, and if the potential is 
made more positive still, oxygefi is evolved, and we 
are in the region of oxygen overpotential As the 
interfacial potential is reduced below about + 1 6 v 
the monolayer of oxygen u removed and, in the 
region of 0 v on the hydrogen scale, a monolayer of 
hydrogen is deposited 1 If the potential is made 
more negative still, hydrogen is evolved and we are 
in the region of hydrogen overpotential In the in¬ 
termediate region of potential, that is, round about 
09 to o 6 v on the hydrogen scale, the electrode sur¬ 
face should be reasonably free from either oxygen or 
hydrogen, Figure / 

It would dearly be of interest to investigate the 
friction of metal surfaces in an electrolyte at different 
interfacial potentials Several workers have reported 
changes ity the friction between a metallic surface and 
some othef material such as glass or chalk f* the metal 


surface was polarized Such effects were first demon¬ 
strated by Edison* and subsequently studied by 
Koch 4 , Waitz 1 and Krouchkoll 4 It has also been 
shown'* 4 that the friction of immened solids is 
dependent upon the hydrogen ion concentration of 
the solution The results, however, cannot be easily 
interpreted since the interfacial potentials of the 
surfaces are not dearly defined 

Some preliminary measurements of the friction of 
platinum, as the interfacial potential is varied under 
controlled conditions, were made by Barker* (1947) 
and the investigations have recently been continued 
The friction is measured between a stretched platinum 
wire and a platinum cylinder, weighing about 2 gm, 
which can slide on it These are contained m a glass 
cell which can be freed from gas and filled with an 
electrolyte A large platinised platinum electrode 
serves as the polarizing electrode through which a 
current can be passed to tht wire and cylinder, and 
the interfacial potential of the wire and cylinder can 
be measured against a reversible hydrogen electrode 
immersed in a similar electrolyte The whole cel! 
can be rotated so that the wire can be tilted through 
180° The angle at which sliding occurs gives a 
measure of the friction. 

It was found* that great care must be taken to 
free the system from traces of unpunty, but when 
this was done results similar to those shown in 
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ZnhrfocHri patents egemd M cafamof electrode 



Jnterfbad pointed agamst rererstble hydrogen 
electrode 

Itgure 1 Curve f Fnctum between platinum 
surfaces immersed m tut and electrolyte as the 
ttuerfaaal potential is changed The fnchon u a 
minimum at the potential of oxygen deposition 
(+10 volt ), reaches a maximum at the potential 
^ 4* 0 3 v and falls again in the regum of 
hydrogen deposition Curve 2 Solution con¬ 
taminated with a trace of H*S Cunt 3 '® Sur¬ 
face tension (arbitrary until) between platinum and 
electrolyte 

Figure t were obtained Curve 1 shows the average 
results for a senes of experiments for the static fric¬ 
tion of platinum on platinum in pure dilute sulphuric 
acid (o i n) It will be seen that the changes m 
friction as the potential is varied are very great in¬ 
deed In the region of + i o v, which corresponds 
to oxygen deposition, the coefficient of friction 
ft o 7 As the potential is decreased and the 
oxygen u removed, the friction rues and in the 
region of o 3 v has reached a value of ft = 3 4 As 
the potential u reduced below this, and we come into 
the region of h)drogcn deposition, the friction falls 
to a value of ft — a 3 At still more negative poten¬ 
tials, that u, in the region of hydrogen overpotential, 
there u a further decrease, but the friction is still 
high ifi -» a) compared with the values obtained m 
the region of oxygen deposition (p = o 7) It will 
be seen that in the region of oxygen overpotential 
te as the surface becomes more positive than 4 rov, 
there is a small increase in the friction The reason 
for this is more complex and will not be discutted here 

The rhangt in friction with potential » accom¬ 
panied by a corresponding change in the damage to 
the surface Figure g shows the tracks formed on a 
Rat platinum surface when a small curved platinum 
slider passes over it once under a load ol 20 gm 
Figure at shows the damage when the interfacial 
potential u c 1 o v and the friction is a minimum 
ihe sur&ce damage is slight Figure *b shows the 


corresponding damage when the potential u t o 9 v 
and the friction 2s a maximum In this r eg i on there 
is profound damage, welding and seusure of the 
metal It is frequently found that the surfaces stick 
together at this potential so that the coefficient of 
friction cannot be measured 

If a trace of impurity is present, these high frictions 
are not observed Curve 2, Figure /> shows the results 
obtained when the solution is contaminated with a 
trace of H,S The friction stays at a comparatively 
low value over the whole potential range Thu 
suggests that the nature of the film on the surface 
can be more important in determining th{ friction 
than the value of the interfacial potential itself 

These results are consistent with the observations 
on the friction of outgasted metals The accumulation 
of a monolayer of oxygen on the surface reduces the 
friction to a low value A film of hydrogen is much 
less effective as a lubricant than the corresponding 
film of oxygen In the intermediate region, where 
neither n present, the friction is very high indeed 
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and wcmm may readily occur when the surfaces are 
placed in contact Apparently water itself u a very 
poor lubricant 


FRICTION AND SURFACE TENSION 

It is well known from dectrocapillary curves that the 
surface tension at a mercury surface m contact with 
an electrolyte is dependent upon the mterfacial 
potential I( for example, a mercury surface is 
placed in contact with a dilute solution oi sulphuric 
aad containing a few mercury ions the surface of 
the mercury will be poutively charged These charges 
on the surface will mutually repel one another and 
will reduce the surfhee tension If the mterfacial 
potential 11 made less positive by applying a polarizing 
current (or in any other way) the surface tension 
will rise as the positive charge on the surface is 
reduced and will reach a maximum when the surface 
charge is aero Further reduction in the interfacial 
potential will result in the accumulation of electrons 
on the mercury surface and the mutual repulsion of 
thrae will again decrease the surface tension Corre¬ 
sponding to the charge on the surface, positive or 
negative ions will be attracted from the solution to 
form the electrical double layer and these also will 
influence the surface tension With a mercury sur¬ 
face in o 1 n HtSOi the maximum of the electro- 
capillary curve would be approximately + o 56 on 
the n calomel electrode, and at this point there should 
be effectively no charge on the surface 

For platinum we cannot measure the surface tension 
direct, but Fruuun, Gorodetskaja, Kabanow and 
Nsxrabow * 1 have measured the contact angle 
between a gas bubble and a platinum surface im¬ 
mersed m o 1 n Na*S 0 4 solution and have shown 
that it is a maximum (corresponding to maximum 
surface tension between the platmuirf and the elec¬ 
trolyte) when the mterfhdal potential is in the 
region of o on the calomel scale (+ o 40 on the 
hydrogen scale) Their results are plotted on curve 
3 , Figure 1 It will be seen that the position of 
maximum surface tension corresponds roughly to the 
position of maximum fhctKav 

Since the surfhee tension is a measure of the attrac¬ 
tive force between the metal atoms and the friction 
is due to the attraction between the metal atoms on 
the two adjacent surfaces (with consequent localized 
adhesion) we might expect to find a correlation 
between them and it is Interesting to see that this is so 

In general, we have two effects operating The 
fint is the presence on the surfhee of gas or ocher 
films which may reduce the friction If these films 
are ramovffl when the iq^rfhoal potential, is changed 


there will be a corresponding change m the friction 
cf oxygen If they are not removed and the films 
are effective lubricants, the friction may remain at 
a low value even when the interfhnal potential is 
changed tf H,S, Figure /, curve 2 In addition to 
this, there will be the effect of the electrical charge 
on the double layer at the interface If there is a 
concentration of positive charge (or of electrons) on 
the surface, the electrical repulsion will reduce the 
surface tension at the metal electrolyte interface At 
the same time the repulsive interaction between the 
electrical double layers will reduce the attraction and 
adhesion between the two metal surfaces and hence 
reduce the friction At the point where the surface 
charge is reduced to zero the surface tension will be 
a maximum and the adhesion and fncUon between 
the two surfaces will also be a maximum 

This relation between the mterfacial potential and 
Uu friction, adhesion and surface damage of solids 
is of considerable interest in connection with a 
number of other physical phenomena such as the 
variation of strength properties of solids w the 
presence of surface active materials or when im¬ 
mersed in electrolytes 11 * 11 

W* thank th$ Ministry qf Supply (Air) for grants to 
the Laboratory 

Research Laboratory on the Physics 
and Chemistry of Rubbing Solids, 
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Nucleic Acids: Relationship between Ribo- and 
Deoxyribonucleases 

W G. OVEREND, B Sc, Ph D and M WEBB, B.Sc, Fh D 

Evidence is presented which t indicates that the mode of actum of deoxyribonuclease on 
deoxyribonucleic acid is similar to the actum of nbonuclease on ribonucleic acid It appears 
however that the enzymes are qmte specific Factors governing the spectfictty of the enzymes 
are discussed and it is suggested that it is the pynmuhne bases of the nucleic acids which 
determine specificity An analogy is drawn between the specificity of action of nucleases on 
the nucleic acids and the specificity qf the actum of proteinoses on proteins 


The action of nbonucleam from pancreas 1 on 
ribonucleic acid has been extensively investigated 
and n known to involve an initial depolymenzation 
of the complex nuclnc and molecule into smaller 
units* which are then hydrolysed by the enzyme to 
lower polynucleotides Although Lorino and 
Carpenter* claimed to have isolated the four 
mononucleotides following the hydrolysis of ribo¬ 
nucleic and with nbonuclease, it is generally 
accepted that the products which result from the 
action of the enzyme are polynucleotides of vary¬ 
ing molecular sue 4 Ribonucleasc preferentially 
hydrolyses the pyrimidine nucleotide groups of 
ribonucleic acid and leaves a non-diffusible 1 core ’, 
containing an increased ratio of punnes to pyri¬ 
midines, which is resistant to further action of the 
enzyme 1 * 4 

ACTION OF THE PNZYUE 

From recent studies’* ■ it is concluded that the action 
of deoxyribonuclease* on deoxyribonucleic acid is 
closely analogous to the action of nbonuclease on 
nbonudeic acid The evidence for this conclusion 
may be summarized as follows When the hydrolysis 
erf deoxyribonucleic acid by deoxynbonuclrase is 
measured by the formation of acid soluble poly¬ 
nucleotides, an initial lag is observed During this 
lag penod there is a rapid fall in the viscosity of the 
deoxynbonudeic acid solution, which commences 
immediately after the addition of the enzyme, and is 
more or leas complete before the liberation of acid 
soluble material occurs to any marked extent It 
has been demonstrated that under the conditions 
employed, this fall in viscosity it due specifically to 
the acHon of the enzyme and not to the non-specific 
action of metallic ions 4 * 14 

The changes in vneouty induced by the enzyme 
in solutions of deoxyribonucleic acid prepared by 
the method of Mirsky and Poluster 11 are con¬ 
siderably greater than the changes induced in 
solutions of commercial, partially degraded sodium 
thyznonuclemte at the same concentration, but the 
solutions in each case have approximately the same 


final viscosity Thus it is concluded that the action 
of deoxyribonuclease on deoxyribonucleic acid results 
initially in the dtpolymenzation of the molecule 
into certain smaller units which are then hydrolysed 
to acid soluble polynucleotides by cleavage of intcr- 
nucleotidc phosphate linkages 

These polynucleotides, which appear to be the 
end products of the action of the enzyme, have 
been partially separated by dialysis and ethanol 
precipitation into a senes of fractions Measurements 
of specific viscosity, rates of diffusion and dc- 
phosphorylauon by prostate phosphatase have shown 
that these fractions vary in molecular size from 
possibly tn- or tetranucleotides to a relatively large, 
non-diffusible residue 11 * 11 The action of an excess 
of deoxyribonuclease on the latter fraction resulted 
m the liberation of pyrimidine, but not punne, 
mononucleotides and the formation of a non- 
diffuuble residue which in agreement with 
Zamrnhof and Charoaff 14 , was resistant to further 
action of the enzyme and contained an increased 
ratio of punnes to pyrimidines In contrast, analysis 
of certain of the smaller polynucleotide fractions 
showed that these contained an increased ratio of 
pyrimidines to punnes 

From these results it is concluded that deoxyn bo- 
nuclease preferentially hydrolyses the pyrimidine 
nucleotide groups of the deoxyribonucleic acid 
molecule 

SPECIFICITY OF THE ENZYME 

In view of the fact that the action of deoxynbo- 
nudease on deoxynbonudeic acid to closely parallels 
the action of nbonuclease on nbonudeic acid, the 
specificity of the enzymes becomes of increased 
interest Die lack of any enzymic effect of crystalline 
nbonuclease on deoxynbonudeic aad led Green- 
stein and Jenrbttb 1 * to the condusion that each 
type of nucleic acid requires its own specific enzyme 
for depolymenzation and that the molecular struc¬ 
ture of each nuctac aad u fundamentally different. 
It u apparent that the specificity of the enzyme is 
not due to the differences in polymerization of the 
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nbo- and deoxyribonucleic aadi since the tame 
speafiaty ts observed when the partially degraded 
nucleic aads are subjected to the action of the 
enzymes For example> experiments in collaboration 
with Gilbert have shown that if the hydrolysis of 
deoxyribonucleic acid by deoxyribonuclease is 
arrested at any stage, the resulting products are 
completely resistant to the action of nbomiclease 

Deoxyribonuclease was allowed to act for 20 
minutes on a substrate of deoxynbonudeic acid in 
the presence of magnesium sulphate and veronal 
buffer (pH 7 o), and then the enzyme was destroyed 
by shaking the mixture several times with chloroform- 
octanol mixture (9 1) or by heating Addition of 

more deoxyribonuclease to the substrate separated 
after this treatment resulted in further degradation 
of the deoxyribonucleic acid , but if, uistrad, heat 
treated nbonuclease was added, no further hydrolysis 
occurred (as shown by the formation of acid viluhle 
material) of the nucleic acid in the substrate We 
used heat treated nbonuclease to ensure that this 
enzyme was free from traces of deoxyribonuclease 
which u more labile to heat Similarly, the products 
which are obtained when nbonuclease is allowed to 
act for a short time on nbonucleic and cannot lx 
degraded fUrther by the acuon of deoxyribonuclease 
This was shown by the fact that if nbonucleic acid 
in the presence of magnesium sulphate and veronal 
buffer (pH 7 o) was digested for 20 minutes with 
heat-treated nbonuclease and then shaken with 
chloroform-octanol mixture (9 1), subsequent addi¬ 

tion of dcoxynbonuclease to the separated substrate 
resulted in no further hydrolysis of the nucleic acid 

Theory qf sptqficUy — Undoubtedly, therefore, speci¬ 
ficity of the enzymes is governed by differences in 
the structure and compotiuon of the components of 
the two types of nucleic acid In consequence, it 
may be of advantage to summarize bnefly the 
differences between the pentose aud deoxy-pentose 
nucleic acids which conceivably may determine the 
enzyme specificity 

The most obvious of these are the differences in 
the nature and structure of the sugar constituents 
Although it is now apparent that for the pentose 
and deoxypentose nucleic acids the lactol ring 11 of 
the furanose form 1 * it 11 possible that the glycosidic 
linkages may be of different types In this connection, 
Davoll, Lythooe and Todd” by the application 
of the oxidative fiwon procedure to the glycosides, 
have shown that the base-sugar linkage of the 
ribonucleotides have the ^-configuration Although 
there is no similar information concerning the con¬ 
figuration at the glycosidic centres iq deoxynbo¬ 
nudeic acid* a tentative analysis of the optical 
rotation data provided byDsaiAZ, OvauNbs Stacey 


and Wkkhns u for the glycosides of a-deaxynbose 
suggests that these linkages in dcoxynbonucleosides 
may be of the a-type 

It does not appear that the phosphate linkages in 
the pentose and deoxypentose nucleic aads are of 
different types, since Zittle” has shown that the 
phosphoesterase from calf intestinal mucosa hydrolyses 
polynucleotides from both nbo- and deoxynbo¬ 
nudeic aads (but (/'Euler and Fono**» **) These 
linkages, however, may differ in the point of attach¬ 
ment to the tfugar residue and thus confer specificity 
on the nudeascs The presence of the extra hydroxyl 
group at carbon atom number two of the d-nbose 
moiety in the pentose nucluc acids, for example, 
provides an alternative centre for phosphate linkage 

However, the fact that both nbonuclease and 
deoxyribonuclease liberate pyrimidine nucleotides 
preferentially from the respective nucleic acids 
suggests that the specificity of the enzymes is deter¬ 
mined by the nature of the pyrimidine bases This 
hypothesis is strengthened by the fact that the nucleic 
acids contain different pyrimidine bases, namely 
uraiil in nbonucleic acid and thymine in deoxynbo¬ 
nudeic acid 

If it is tentatively assumed that the pentose and 
deoxypentose nudac acids have the same type at 
internucleotide phosphate linkages 11 a common 
* backbone ’ structure, but differ m the nature of 
the pyrimidine 1 side-chains \ there is a distinct 
analogy between the specificity of the action of 
nucleases on the nucleic acids and the specificty 
of the action of proteinases on proteins In the latter 
case it will be rrcalled from Bergmann’s * 1 work 
that, although the proteinases effect the hydrolysis 
of peptide bonds common to thr ' backbone 1 struc¬ 
ture of all proteins, the individual enzymes exhibit 
a high degree of specificity in their action which is 
determined by the nature of the 1 side chain ’ residue 
in the substrate In a similar manner it may well 
be that the specificity of the nucleases u conditioned 
by the presence of a pyrimidine 'side chain 1 of 
particular structure or configuration In this con¬ 
nection the observations of ZirrLK 11 * 14 that the 
action of dilute sodium hydroxide on deoxynbo¬ 
nudeic aad effects partial deamination and renders 
the nudeic aud resistant to the action of the specific 
nudease, serve to emphasize the importance of the 
structure of the bases on the enzyme-substrate 
reaction 

In conclusion it may be pointed out that this 
hypothesis offers an explanation why the products 
of the enzymic degradation of both nbo- and 
deoxynbonudeic a a4 are not homogeneous, but 
exhibit a wide range of molecular sue Recent investi¬ 
gations 14 "* 4 show oonduttvdy that not only do the 
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analytical figuics for different nucleic mods foil to 
approximate to those required by a statistical 
letranucleotide, but the punne/pjflnmjdine ratio 
varies imong nucleic acids from different sources 
If the nucleases hydrolyse p r e feren tially the 
pyrimidine nucleotide groupings and these are not 
distributed throughout the polynucleotide chain in 
any ordered sequence, it follows that the products 
of the enrymic degradation will vary in molecular 
sue 

Department qf Chemistry 

University qf Birmingham * 

(Received October 1949) 
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New Formulae for Double Refraction 
tn Liquids 

The phenomenon of double refraction can be ob¬ 
served in isotropic substances subjected to strain 
Light polarized parallel to the direction of the strain 
traverses the medium with a velocity less than that 
of the light polarized perpendicular to that direction 
Double refraction occurs m isotropic liquids under 
application of an electric field (Kerr effect) or under 
the shearing action of ydHknm resistance forces in 
laminar flow It can be assumed therefore that 
molecules of liquids undergo a deformation! and the 
energy of the applied fields of forces is 1 stored * in 
the form of potential strain energy ofan electric nature 

This assumption leads to a comparison between the 
magnitude of the increase of strain energy per mole¬ 
cule and that of the decrease of kinetic energy of 
light travelling through a material medium It has 
been found that the latter is equal to the former 


multiplied by the ratio of frequencies / of light used 
in the experiment and a of light absorbed by the 
medium Thus 

^ “ ^pownual + ^kiostfe ( 1 ) 

When £ m j u constant 

AEq rrf *■ — AEi u (a) 

(3) 


The term of the decrease of kinetic energy of light 
has been derived provisionally in the following 
manner 
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• ( 4 ) 

where m u the mas of the photon, t the velocity of 
light M vacuo, v the velocity of light in the liquid. 
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Ad the decrease of light velocity in the liquid as a 
result of the application of a field of forces, a the 
normal refractive index (a — c/d), da the increase 
of the refractive index when forces are applied 
(da «c/{(p — Ad) — c/d}), k is Planck's constant, 
w and A are frequency and wavelength of light ta 
oaeuo respectively and A^ the frequency and 
wavelength of light absorbed by the liquid 

The terms of the molecular strain energy have been 
derived as follows 

a for viscous flow, strain ocrurs under the action 
of the viscous drag and vucotu resistance on both 
sides of a molecule (both forces being equal) there¬ 
fore in order to obtain molecular strain energy the 
doubled drag term has to be multiplied by the 
volume occupied by one molecule 

where /a » the absolute viscosity, ( du/dy ) the velocity 
gradient, M the molecular weight, q the density and 
■V is Avogadro's nimbn 
Hence 

he An A^ /du\ M £ 
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\ 4 ?J e hcN 
Companion with Maxwell’i equation 
/du 

w 

givei the following tern for Maxwell’s constant 
„ Sn'A.taM 
K * = “ ghcN 

ui close agreement with value* observed 
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h for an electric field the molecular strain energy 
has been calc u l ated as a product of electric polariza¬ 
tion and dectnc internal field strength divided by the 
doubled capacity The amount obtained has to be 
halved because the strain in the plane perpendicular 
to the Light beam direction has no influence on the 
double refraction effect 


where « is the dielectric constant and B the Add 

strength in absolute units 

Hence 

)(*+«) 

48 n q he N 
Comparison with the Kerr equation 

An**XE % Kg (la) 

gives the following term for Kerr constant 

(• ~ 

48 irQhcNX 

<*s) 

Benzene is that compound in which the whole 
strain seems to act in one direction only In the 
case of benzene therefore the best agreement of the 
calculated and observed values has been obtained 

calculated Kg — o 43 X io~ T 
observed* o 408 X io“ 7 

Deviations from the above equation are due to 
the inadequacy of Langevm's internal field strength 
formula in the case of dipoles and to the situation 
of bonds in molecules For example, compounds with 
tetrahedral symmetry give a very small double 
refraction effect and V-shaped compounds even a 
nc gative effect 

It is impossible also to calculate accurately the 
third effect of double refraction in liquids—namely 
the Cotton-Mouton effect in a magnetic field— 
because in this case the mechanism of both para¬ 
magnetism and diamagnetism seems to promote 
double refraction, when on the other hand magnetic 
susceptibility is a resultant of the counteraction of 
both effects Thus the equation 

A uB'X&n'M 

(where * a the iwceptibiUty and B the magnetic 
field! itrength) gives Lower values than observed 
(benzene and toluene about 30 per cent difference) 
Nevertheless in spite of these deviations study of 
energetic relations would seem to be of great im¬ 
portance, not only for double refraction but for the 
entire problem of the nature of light 
A detailed account of the work will be published 
in the near future 

A M Mauwki 
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Shift of the Aromatic Band in Substituted 
Benzene 

The aromatic band at 671 cm -1 for benzene shifts as 
a consequence of substitution in the ring, and for 
mono substitution the band 11 found at 740 to 760 cm ~ 1 
The band for phenol is found at 750 cm -1 In the 
case of para substituted phenols the band is largely 
unaffected by the molecular weight of the para 
substituent and appears at 895 to 830 cm'* 1 , and there 
is evidence that the ortho phenols with the band at 
730 to 7^3 cm•* are likewise substantially unaffected 
by the size of the ortho substituent 


Now it is well known that para substituted phenols 
can react with formaldehyde by addition to the 
carbons adjacent to the phenol group 



The aromatic band of such dialcohols we find at 
870 to 880 cm 1 and appears independent of the size 
of X from methyl to octyl 

Furthermore, if the 9, 6 methylol substituted phenol 
is reacted under suitable conditions, poly nuclear 
substances of the type 



result The dinuclear compound is a symmetrical 
9,4 substituted phenol and the aromatic band appears 


TabU I Sktfi qf Aromahc Band at a Result qf Substitution 



at 813 cm* 1 in the case' where X 11 CH, The 
tn nuclear compound, however, consists of a a, 4, 6 sub¬ 
stituted phenol between two a, 4 substituted phenols 
and, as expected, there are two absorption bands the 
stronger band at 816 cm* 1 being due to a, 4 sub¬ 
stitution in the phenol, and the weaker band at 
670 to 880 cm 1 being caused by the central a, 4,6 
substituted phenol Substitution of the para sub¬ 
stituent from methyl to octyl does not cause shift of 
these bands 


The shift of the aromatic band as a result of 
substitution in the phenol molecule is shown in 
TabU I 

J S GO UR LAY 


Imperial Chermeal Industries Ltd 
Paints Division 
Slough , Bucks 


{Received March 1950) 


Reaction of Chlorine Cations 
with Olefins 

In the reactions of olefins with halogens and their 
derivatives (Hal—X eg Cl, or Cl—OH), the initia¬ 
tion process 11 generally regarded as the attack of a 
positively polarized halogen atom (Hal*+—X®“) on 
an unsaturated carbon centre of high electron density 
The electrophilic activity of such reagents is assumed 
to depend on the degree of polarization of the mole¬ 
cule, which, in turn, is related to the electron 
attraction of X The work described in a previous 
communication 1 prompted us to seek evidence of the 
formation, and the effectiveness in the reactions with 
olefins, of the most powerful electrophilic chlorinating 
agent possible, namely, the chlorine cation, Cl + 

Using hypochlorous acid (c o ooau) m the presence 
of perchloric acid (o xom) and silver perchlorate at 
95°C, we have observed reactions which are of the 
first order with respect to hypochlorous acid, are 
dependent, as to rate, on the acidity of the medium, 
and are of zeroth order with respect to the olefin 
In the concentration range examined, nazftdy, 
o 001-0 004M, allyl ethyl ether, for example, under¬ 
goes reaction at a rate which is practically independent 
of its concentration and identical with that obtained 
under the same conditions for allyl fluondc (o 004M) 
Variation of the concentration of silver 10ns 
([Ag + ] « 001-0 0511) did not appreciably change 
the rate For these olefins, the first order rate co¬ 
efficient, calculated from the rate equation, 
v a *[HOQ], with [H+] constant (o ion), has the 
approximate value 6*6 X lo-^sec* 1 Moreover, 
practically the amc rate (63 X to* 4 sec* 1 ) is 
observed for the chlorination under comparable ex- 
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pcnmental conditions of aromatic compounds such 
as anisole 

As in the similar case of aromatic chlorination, 
this result establishes the formation and effectiveness 
of the chlorine cation in the reactions with olefins 
under the conditions described The carbon cation 
formed in this interaction may give the chlorohydnn 
by reaction wfth water or it may suffer internal 
neutralization with Ion of a proton to yield a sub¬ 
stitution product of the olefin 1 * • t g 
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7 he most reactive aromatic compounds may also 
have a tendency to follow route 9 in favourable 
circumstances 

We are greatly indebted to Professor C K Ingold 9 
h R S’ , for inspiring discussions tn the course qf the studies 
described tn this and the previous note 

P B D de la Mare 

£ 
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•Sir William Ramsay and 
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Hughes 

Vernon 


Ralph Forster Laboratories 
University College 
London WC t 
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Reactions 9 and 3 correspond to the second (fast) 
stages of unimolecular substitution and elimination, 
respectively, in iaturned aliphatic structures, the 

heterolysu, R—X-► R-* + X, constituting the first, 

rate controlling, stage in these processes In the case 
of aromatic halogenation, the reaction which 
corresponds to a 11 suppressed in favour of 3, doubtless 

a 

owing to the great tendency, in Ar + to reach the 

X H 

resonance-stabilized aromatic structure 1 , ArCJ 

Concerning the range of application of the first 
order mechanism, for which the rate is independent 
of the nature and concentration of the unsaturated 
substance, many olefins may satisfy the necessary 
condition that a sufficiently rapid removal of Gl + 
should be effected However, a limitation of another 
type v observed Thu u imposed by the occurrence 
of a reaction in which the olefin may combine with 
another form of the reagent (Cl—OH^ or Cl—OH) 
at a rate which may compete with, or predominate 
over, the rate of formation of Q + The most reactive 
olefins appear to prefer this route Regarding the 
olefin as a nucleophilic reagent towards hypochlorous 
acidium ion, it u tentatively suggested that the first 
order pro cess and the second order mechanism now 
envisaged may bear the same relation to each other 
as do the unimolecular hnt u >^^ ril ^ r murynnmi 
of nucleophilic substitution reactions e g • 
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Mechanism of the Weissenberg Effect 

In a recent paper Oldroyd 1 has derived the rheo¬ 
logical equation of state of an elastic liquid which 
shows the Weissenberg effect In a footnote he refen 
to two different views on the mechanism of this 
effect as expressed by Reiner 4 and by Rivlin* 
K finer* and Rivlin 7 have shown that such an 
effect can arise m a non-newtonian viscous liquid 
exhibiting no elasticity, and Rfinhr 1 and Rivlin • 
have also shown that a non-hookcan elastic solid 
exhibiting no viscous flow could manifest an 
analogous effect of extending m a direction normal 
to the direction of shear Rivlin 1 has demonstrated 
the latter effect experimentally by means of the 
toman of a rubber cylinder where normal prcsuircs 
must be exerted over the plane ends of the cylinder 
in order to hold it in a state of simple torsional 
deformation It may be mentioned that this latter 
phenomenon was observed before by Poynting 1 on 
steel wires In accordance with these theoretical 
considerations the W eiss enberg effect m an elastic 
liquid could be attributed to either the elasticity or 
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the viscosity of the material alone, and no theoretical 
cn tenon was available to decide between both 

We have now made experiments with rubber- 
toluene solutions of from 7 to 1 a per cent concentration 
in which the material u sheared between a rotating 
lower and a stationary upper disk, the upper one 
opening at its centre into a tube The tube, fixed to 
the upper disk, u suspended by a tomon wire which 
measures the viscous resistance When the lower 
disk is rotated the bquid rues in the tube to a maxi¬ 
mum which depends upon the velocity of rotation 
and the concentration, but after a while falls off to 
zero height When the liquid is given a rest it 
regains the Weusenberg effect, the amount depending 
upon the tune of rest However all the tune the 
twist of the suspension wire remains the same, which 
means that the viscosity of the liquid u not changed 
and u the same for the state in which the Wcmen- 
berg effect 0 present and the one m which it is abrent 
We are continuing our investigation into the causes 
of this, so to speak, elastic thixotropy, but the fact 
that the viscosity is not affected seems to us to prove 
that the Weusenberg effect is, at least in the case of 
a rubber-toluene solution, not connected with the 
vucouty of the liquid 

I Braun 
H Frey 
M Rjfinbr 

The Technical College , 

Hatfa, Israel 

(Received April /550) 
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Improved Methodfor Precipitation of 
Polymers from Solution 

In the course of work done in this Laboratory on 
the preparatta of acenaphthylene polymen we 
have had occasion to examine many samples by the 
precipitation method 

Thu cornuts of adding a a per cent benzene 
solution of the polymer to alcohol in the ratio of 1 of 
benzene to 3 or 4 of alcohol If smaller ratios of 
alcohol are used the precipitate comes down m a 
sucky, gummy form from which it u difficult to 
free the polymer of solvent and monomer Hus 
method involves the use of large quantities of alcohol 
which cannot be recovered easily since it forms an 
aaeotropic mixture with benzene Further, drying 


to constant weight takes anything up to 84 hr or 
even longer. 

In view of these disadvantages which we and 
others [Lewis And Mayo bed Eng Cham. 17(1943) 
1 34] have ex p er ienced an attempt was made to 
improve the method 

•Dry ice* u added to the alcohol and this u 
allowod to cool to about — 40°C before addition 
of the polymer solution, whereby a ratio of a 1 
alcohol-benzene is found to be adequate for the 
precipitation of the polymer in a light, fluffy form 
Thu can be washed easily and completely, provided 
that care u taken to carry out the washing with cold 
alcohol The use of room temperature alcohol 
causes the reversion of the precipitate to the gummy 
form 

The effect of solid carbon dioxide u mainly due 
to cooling but it 10 noticeable that the bubbling m 
alcohol helps to break up the precipitate as it u 
formed For this reason as well as for ease of working 
we prefer to have the coolant in the liquid rather 
than surrounding it 

1 his Anall modification brings about three 
advantages / it gives the polymer in a form which 
u washable, a it reduces the drying time to about 3 hr 
at about 75°C, y it makes possible a considerable 
economy in the use of alcohol 

/ uxmld like to thank the Directors of the Company for 
permsrum to publish thts note 

M Kaufman 

Powell Difffryn Restarch Laboratories Limited 

if) Battersea Park Road 
London S W is 

(Rece*ud March 1950) 


Note to Contributors 

Tux attention of readers u drawn to the facilities 
we offer for rapid publication of research corre¬ 
spondence Brief notes on current research work are 
welcome particularly where fundamental work u 
shown to undcrly applications or possible applications 
Papers appear m print within two to sac weeks of 
receipt Translation may cause slight delay. 

The maximum length should be equivalent to 730 
words of text AH corre spon dence should be signed 
and accompanied by details of the author’s qualifica¬ 
tions, appointments, and by the name and address of 
laboratory or institution 

A pamphlet 1 Instructions for Authors ’ a available 
on request Conumimcations should be sen* to die 
editorial address given in small type at the foot of 
the Contents page. 
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Commentary: Progress in 

Manual and Automatic Control Apparatus 


The recent establishment by the Society of Instrument 1 ethnology of a 
distinct section to be concei ned with manual and automatic conti ols is a significant 
and useful development It is to be hoped that these activities will be a useful 
supplement to those of such senior bodies as the Institution of Electrical Engmceis 
and the Institution ot Mechanical Engineers, which have already shown then 
appreciation ot the need to entourage progress in this field Automatic contiol 
is a branch of engineering which is in a phase of rapid development and new 
achievement The stimulus came in the fiist place from problems encountered 
during the war, and it is being maintained by the demands of liidustiy for the 
saving of man-power and foi increase in the speed and quality of production 

Dunng the war many outstanding new examples ol precision automatic contiol 
wcie devised It became possible for cxumplt to lay guns automatically, on the 
deck of a rolling ship, to the angles indicated by an automatic computer, with 
errors never exceeding a lew minutes ot aic and where power outputs of tens or 
even hundicds of horse-powci weic involved Another example is the automatic 
pilot, which will hold an ancraft on a pre-set course and opciate ludder, elevator 
and aileions with a precision which cannot be equalled by a human pilot Auto¬ 
matic tracking of am raft lrom the giound by radar was drv eloped, and there 
were many similar wartime innovations 

These developments were accompanied by new attempts to claiiiy the prin¬ 
ciples underlying all control systems The problems wcie not entirely new, for 
similar problems had been solved early in the century in such fields as the design 
of automatic engine governors and voltage icgulators, but new methods and 
types of mathematical analysis, which have been made familiar to engineers in 
the problems of telecommunications, have icccntly been brought to bear on 
control problems with most fruitful icsults 

It is natural that engineers concerned with industry should ha\ e been stimulated 
by these developments to a fresh examination of the field for the use of automatic 
controls, and the improvement of manual controls, over the whole range of 
industrial needs, from precision measurement to operations like the rolling of 
steel strip involving thousands of horse-power Much progress has been made, 
and many new applications aie in process of development and practical trial 
The present economic position, with increasing certainty of large and well 
sustained demand, the need for economy in man-power, and the need for main¬ 
taining uniform high quality of output, presents a challenge, to meet which the 
industrial engineer must explore and judiciously apply the possibilities which 
wartime developments have opened up 

The problems of manual and of automatic control are similar Consider the 
simplest kind of control operation, for example, a human operator required to 
maintain the temperature of a vat constant by operation of a valve controlling the 
supply of heat to it The operator is provided with a measuring instrument, here 
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an instrument indicating temperature, and hu 
task u so to operate the valve as to maintain 
the reading of this instrument constant at a 
particular matk on the dial The movements 
which he gives to the valve are determined 
by the amount by which the pointci deviates 
from the mark, and Us rate of movement 

In any such situation in which a human 
opeidtor makes some movement or adjustment, 
depending, in accordance with any predeter* 
mined iule or schedule, on the readings of an 
instrument, it is possible to make a mechanism 
—a robot—which will act within this limited 
stereoty ped pattern of response in the same way 
as the human operator, but the lobot may be 
more sensitive, more lapid and more powerful 
than a human being 

Such controls, whether they arc manual or 
automatic, aie essentially ‘ closed sequence 
controls ’ Jn the example mentioned a move¬ 
ment of the pointer from the mark results in a 
manual or automaUc movement of the valve, 
which again results in a movement of the poin- 
lei, so that there is a closed sequence of the suc¬ 
cessive dependence of one quantity on anothei 

The chief advance in the undetstanding of 
such systems and their limitations has been the 
recognition that the accuracy of control that 
can be achieved in any closed sequence system 
is limited in atcoi dance with the time delays 
which exist in the 1 espouse of the various quan¬ 
tities, one on anothei, which form the closed 
sequence I he enemy of continuous close conti ol 
is time delay Superlative performance can be 
achieved if time delays can be sufficiently re¬ 
duced An attempt to increase the accui acy of 
control beyond the limit set by the speed of 
response will commonly result in an unstable 
system and the phenomenon of self sustained 
oscillation, which the engineer has long known 
as ‘ hunting * 

Die human operator, as an element in a 
control system, is patticularly handicapped by 
the time delay which occurs between his per¬ 
ception of any event (such as the movement of 
the instrument pointer) and the muscular move¬ 
ment which he may make as a result (such as 
an operation of the valve handle) Hus delay 
is about o 3 second An electric motor controlled 
from a photoelectric cell might perform the 


function m o 01 second or less The time delay 
of response of a human operator is not a mattei 
which can be corrected by mciease of skill It 
is due to the low speed of the electrochemical 
pulses which constitute messages transmitted 
along his nerves, and the delay at the transfer, 
in the central nerve organs, of the message from 
the incoming to the apptopriate outgoing nerve 
fibres It is unlikely that this basic tune delay 
can be reduced, and this constitutes a funda¬ 
mental limitation in the perfoimance of any 
control system which involves a human operator 
as an element This is one reason, among 
others, why mechanical devices can often sur¬ 
pass human operators in petformance 

In mechanical robots tune delays can be 
reduced, but where laige amounts of powei have 
to be handled they cannot at piesent be 
eliminated These time delays aie due to energy 
having to be stoied in the system m oidei that 
power may be developed bv it The latio of 
energy stoied to powei output is a ‘ time con¬ 
stant * of delay 

Piogiess in control systems involving laige 
powers has recently been made by the invention 
of the various t> pes of multi-stage direct cuuent 
electric generator, the metadyne, the ampli- 
dync, the rototiol, the magnavoll and otheis 
All of these have the same fundamental pun- 
ciplc They aie DC generators in which mul¬ 
tiple use is made of the same ai mature, using 
various combinations of poles to produce the 
field, and so providing, in a single machine, 
much the same effect as could be obtained bv 
a multiplicity of separate genet ators, each ex¬ 
citing the next in cascade These new types of 
geneiator may be arranged to give a specified 
power amplification with a far more rapid 
lesponse than is possible with the otdinaiy single 
stage geneiator Many other new elements and 
devices have been made available, mostly as a 
result of wartime development, which may now 
be made the basis of new industrial progress 

SCOPE TOR FURTHER DEVELOPMENT IN 
CONTROL SYSTEMS 

It is an appropriate moment, as a new body is 
coming into existence for the purpose of ac¬ 
celerating progress m this field, to assess the 
present state of development of control devices 
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and control theory, and to attempt to discover 
what investigations and developments seem to 
be most likely to lead to valuable industrial 
results The industrial operations and processes 
that seem to offer some possibility of economical 
application of continuous automatic enor- 
actuated controls—as distinct from mere auto¬ 
matic sequencing and the like—are not so 
numeious as might pci haps be expected 

Taking the steel mdustiy as an example there 
aie obvious needs for continuous automatic 
control of some degree of precision in such cases 
as the conti ol of furnace temperatures and ingot 
cooling iatcs, the currents in arc furnaces, the 
thickness of rolled strip and plate, the tension 
in reeling, and a number of similat problems 

1 here is also the larger field of what may be 
called * manipulation the moving, turning 
over and positioning at high speeds of masses 
of hot metal This is a more difficult field 
There aie of corn sc some operations, such as 
the location of the edge 6f a moving stnp, which 
invite the application of * an electric eye but 
it seems unlikely that the human operatoi will 
he eliminated from the piotesses of ingot 
manipulation and the like The relevance of 
lecent contiol developments in this case is the 
clearer understanding which is emerging of the 
nature of a human operator's skill, and sources 
of his limitations, which makes possible the 
design of controllers of such characteristics as 
will facilitate the acquit mg of skill and make 
faster opeiation possible Experimental work 
that originated in attempts to improve the 
manual laying of guns on targets and which is 
being continued on a bioadci basis may provide 
a basis for future improvements m such fields 

It would be easy to make an equally im¬ 
pressive list of potential applications of auto¬ 
matic control for other industries In the 
chemical and oil industries the possibilities are 
particularly extensive, for at every point the 
quality of product demands the continuous and 
rapid regulation of temperatures, flows, pres¬ 
sures, gaseous mixtures, acidity, and other quan¬ 
tities Such * process control' has advanced 
further in the USA than in this country, in 
the production of petrol, ammonia, nylon and 
so on The latest developments are in the 
direction of control of the plant processes as a 
single entity, using complicated computing 


devices, part of the data sometimes being fed 
m from the output of an automatically operated 
mass spectrogi&ph continuously and instantly 
checking the quality of the final product, and 
instigating the adjustments necessary to main¬ 
tain the required quality, 

REQUIREMENTS FOR MORE RAPID 
PROGRESS 

Extension of the applications of automatic 
control is taking place more slowly than might 
be expected in view of what is now technically 
possible This is largely due to the high cost 
and the often unnetcssaiy elaboration of auto¬ 
matic equipment The piospective difficulties 
of maintenance of intricate apparatus as well 
as its initial cost is a deterrent to its use 

Simplification and cheapening will be assisted 
by a cleaicr and moie wide-spread under¬ 
standing ol the pnnciples of control system 
operation, and the development of better 
methods of design tor specific or optimum 
pei formance 

i he theory of control systems is a fascinating 
held which links up with communication theory 
and with the theory of electrical networks and 
filters, and which (so long as the 1 elations in¬ 
volved are linear) peimits the use of mathe¬ 
matical methods of great generality There is 
no doubt that valuable practical results are to 
be expected from developments of a theoretical 
kind The analysis of the behaviour of a given 
system is not difficult, but the ptoblcms of 
synthesis—the selection and combination of 
elements which will meet given requirements m 
an optimum way—have not yet been solved. 
When they have been solved it will probably be 
found that many elaborations and ingenious 
but aibitrary variations disappear in favour of 
simpler and 1 datively standardized elements 
and combinations 

There is scope in this field for the rombined 
efforts of mathematicians, designers of electrical 
and pneumatic apparatus, inventors, physiolo¬ 
gists and psychologists and it is to be hoped 
that the new section of the Society of Instrument 
Technology will be successful in its aim to pro¬ 
vide a common meeting ground for all such 
contributions 
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Grafting 

R J GARNER, N D H , Dip Hort Sci 
East Mailing Research Station 


The ongin of the practice of tramplanting plant 
pails is lost in antiquity Th< Chinese, and the 
Greeks, we re quite familiar with the process and have 
left evidence that the technique was commonly 
employed Whilst some of the ancient wi iters seem 
to have had peculiar notions as to the use s of grafting 
it should be remembered that those most skilled in 
the art were not the most likely to rtcotd then ideas 
in writing Scholarship was not commonly an 
attribute of husbandmen 

Since our most venerable at chives treat grafting 
with some familiarity it is evident that its origin was 
considerably fuilher back Moreover, its use by 
widely separated civilizations leads one to suppose 
that it arose from observation of plants in the if 
natural stale, much as the processes of seedsowing 
and division were copied from nature Natural 
giafts arc commonly found in woodlands and hedges, 
where the branches are congested Beech Fazut 
silvattca provides numerous examples and many 
others have been reeoidtd 1 lhe common climbing 
ivy Htdera helix is a veiy ready source ol natural 
graft* and frequently has to depend on these unions 
for Us existence Ihus it tomes about that the 
cutting of almost all connection with the roots m- 
commodts climbing ivy very little M E Millnfr j 
made a study of natural grafting in this* plant and 
showed that the establishment of grafts depenels 
largely upon firm anchorage of one stem upon another 

Natuial graft* commonly oecur between the roots 
of trees but an Irss fnquently seen because of the 
almost negligible opportuniLie s M Tu%c tN* ob- 
sened that a cluster of trees may be so thoroughly 
joined that all the roots will suivive after all but one 
tree has been cut through at ground level 

NATURAL C RAFTS 

Close examination of plant patts in contact shows 
that a rind rupture hag^ccurrrd and the healing of 
wounds in contact with )^h other has effected a 
junction In fact, spa ft mg is the healing in common 
of two or more wounds, and for this to occur the 
wounds must be hrmly anchored in relation to each 
other Thus the two essentials for success in grafting 
may be learnt by observation of natural grafts and 
it seems reasonable to suppose that artificial grafting 
followed and took similar form to those methods 
commonly known as * grafting by approach ' Graft¬ 
ing with detached scions must surely have been a 
later invention probably encouraged by observation 


of damaged approach grafts Tie Lest foimed 
natural grafts are found to occur between stems or 
roots which lie in the same direction Inversion of 
complete rings of rind around a stem causes not only 
the death of iht ting but also that of the stem above 
It is then fore vitally important to observe an ordered 
polarity in the components 

CAMBIAL t ONI ACT 

It is usually considered that contact between cambia 
is essential for successful grafting this has to occur 
ol course but initially adjacent tissues arc also in¬ 
volved Wound healing callus u generally produced 
by tissues lying outside the xylem, any of which 
rvrept the cork may be involved It is also seen to 
arise from thr medullaiy rays and in the pith region 
Callus production is initiated by cells that have 
re maim d memtematic but may in some eases be 
followed by a resumption of the mcristt malic state 
by adjacent differentiated tissues 

K Mendfi 4 , who made a detailed examination 
of union formation m bud grafted citrus, found that 
in the operation of raising the rind of the rootstock 
(i e the root bearing plant on which the sc ion is 
giafted) the separation usually occurred in the 
secondary bark and in the cambium, but sometimes 
pailly in the youngest sap wood The removal of 
the bud shield from the scion wood usually involved 
separation in the secondary bark or in the cambium 
New cells were observed at the wound surfaces 
between 24 and 48 houis after the operation, callus 
formation being most activr on the rootstock wound, 
less on the raised bark flaps, and slowest on the bud 
shield The cavities between the bud shield and the 
rootstock, and beneath the fiaps of rind raised from 
the rootstock, are gradually filled with callus, Figure r 
The callus masses meet, and by a union of the cells, 
form one gapless tissue Where the wounded sur¬ 
faces ol the components he in intimate contact, as 
at 01 near the edges of the bud shield, no callus is 
foimed ard the tissues glow together directly The 
primary callus, filling the gaps, is transiormed through 
differentiation into permanent tissue and the whole 
union process is uniform and continuous 

The characteristic continuous cambium and 
related elements in the dicotyledons lend themselves 
to the grafting process On the other hand, the 
scattered arrangement of the vascular bundles in the 
monocotyledons and the absence of secondary 
thickening involve difficulties for the grafter This, 
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however, has not always detrmd inv< stigators \ 11 us 
disease* have been transmitted* from one liliaceous 
plant to another across a graft union Ihe grafting 
of tulips and related sublets 11 commonly achitvtd 
at the Bulb Research Station at Lissc in Holland 

Extensive use has been made of grafting in the 
so-called hybridization of ceieals m Russia r using 
both appioarh and dctarhcd-scion giafts in tin nodal 
region of young plants 


COMPAl IBM I I Y 

Once intimal* contact is established between 
mcnstrmaUc tissues grafting may occur, but lor a 
permanent and healthy union compatibility between 
the components is essential I his is so well known 
that no one seriously sets out to unite a member of 
one botanical iamily with that ot another Lvtn so, 
the botanist’s classification serves only as a rough 
guide for it is founded mainly upon the floral stiuc- 
lure and the grafter essavs to join the vegetative 
oigans In fact, as W H C handier 7 writes 
something more than kinship is required for a sound 
union 

In spite of extensive rcscarc h into the causes and 
manifestations of incompatibility between plants 
when grafted there is, as yet, no dear answer to the 
problem and each combination must be tested for 
its compatibility An example of the complexity has 
been observed when giafting plum rootstocks with 
peach scions 1 oui seedling plums Primus doimstica 

were selected, 
multiplied vegeta- 
tivcly, and bud- 
grafted with one 
variety of peach 
Selections 1 and 

2 formed perfect!v 
compatible unions, 
though differing 
in vigour, selection 

3 made v igorous 
young trees, all of 
which died befoie 
they were five 
years old, whilst 
selection 4 faded 
to survive beyond 
the first year Yet 
the same variety 
of peach is com- 
patible with 
selected P domes - 
tica f P tnsttitusy 
P cerasfsra, P 



J igure 2 A well thrown pear tree broken cleanly 
from a quwtc root\Uxk untk whuh it ts ut~ 
comfxitibl* 


armemaca and P Bcsscyn, the last being a species 
ol cherry 

Incompatibility can take many forms and it is 
clear that factors other than this may produce very 
sim lar t ffects G K Arc i 1 s* suggests that the term 
‘ incompatible 1 shoul 1 he reserved for distinct failure 
to unite in a mechanically strong union, failure to 
grow in a healthy manner, or premature death, where 
such lailure can be attributed with a reasonable 
degree of certainty to differences between stock and 
scion 

One of the most striking forms of incompatibility 
is breakage at the union. Figure j, where the fibres 
of scion and rootstock fail to intc rlock This incom¬ 
patibility has be c n overcome* by the use of an inter¬ 
mediate stem piece or bridge ol a variety compatible 
with both scion and rootstock The use of an inter¬ 
mediary severally compatible with rootstock and 
scion is not invariably successful, for the plum 
Piesidcnt, which is compatible with the plum root- 
stock Myrobalan B, when top-grafted with the plum 
Victoria, itself compatible with Myrobalan B, 
becomes incompatible at the President/Myrobalan B 
junction 1 * 

Fqual growth rates and cycles have been regarded 
by \V T ("hang 11 as essential accompaniments to 
a congenial graft union, based on normal behaviour 
of the non-gralted plant However, there are many 
congenial combinations which show growth differ¬ 
ence k and, conversely, failures between plants of 
similar habits Moreover, as R J Garner and 
D H Hammond 11 showed, the tunc of the operation 
in relation to season neither delays nor hastens the 
onset of incompatibility symptoms 

Differences in vigour of stock and scion do not 
necessarily result in tree failure as is clearly shown 


Rmd flops 


Scion 

shield 



Connecting 
cambium 


Ltgrufied callus 
(Cambium ofrools/ock\ 1 jNew 
Jxykm 

Figure 1 Diagrammatic cross 
section of a buagrqft (qfter K 
Mendel), a when first grafted* 
b after ten days, C unwn complete 
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by the healthy alliance of vigorous and dwarfing 
vancties eg the triploid apple Bramlcy’s Seedling 
with the weaker growing apple rootstocks, and the 
weak growing damsons P insUtfia with the vigorous 
Myrobalan plum P cerastfera 

Biochemical studies have not so far irvtalrd any 
basic chemical causes of incompatibility F C 
Bradford and B G Si iton ia studied the histologic al 
differences between stock and scion and suggested 
that uncongenial unions may be due to differences 
in the si/r of cambial cells HJ I oxoi mjs 14 , working 
with citrus, suggested that the scion produced some 
substance toxic to the stock In the last decade con- 
sidc rable attention has been paid to * quick decline * 
diseases ol citius and the cause attributed to some¬ 
thing of a virus nature >r Such a virus mav be 
present m a variety and may become manifest when 
united with "mother by means of grafting Ceitam 
incompatibilities in apples and c h« n ics may ha\ c a 
Binulai origin 


(OMUFRCIAL application of c rattinc* 

Vegetative transplantation, whethe r it be by 1 uttings 
or layers into a soil or, as in grafting, into a plant 
with which it is compatible, serves to perjx tuatc the 
characters ol the original plant Ihus the chief use 
of grafting is feir the vcg<Uti\e multiplication of 
selected varieties especially where propagation by 
cuttings or layers is inefficient or inconvenient The 
comparative ease with which two related plants may 
be lntergrafUel has encouraged the use of grafting 
in the multiplication of any plant which normally 
proves difficult by othei means This has naturally 
led to the use ol rootstocks the chief attribute of which 
u their ready av inability The fact that scions arc 
usually united with olhe r varieties involves the pro¬ 
duction of a composite plant and R G Hatton 1 * 
established that a large measure of control can be 
exercised over growth and cropping by the use of 
selected rootstocks 

Por the fruit industry, Hatton’s painstaking study 
of the mutual influence of rootstock and scion has 
proved, and is proving, l^yalliable Hatton demon¬ 
strated the uniformity achieved by the use of vege- 
talively propagated material and was able to predict 
the behaviour of various rootstock/scion combinations 
under given conditions, which has since led to the 
efficient production ol fimt m situations where, 
hitherto, it had proved quite unremuncrative 

Whilst in general the scion is married to the 
rootstock in the nursery in the simplest possible way, 
either by bud grafting (budding) or splice grafting 
with dormant scions, grafting u most fully developed 
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when applied to established trees in the plantation 
and orchard Ihe grafting of mature fruit trees 
becomes necessary when conditions engender a desire 
to change from one variety to another Ihis le¬ 
grafting, or reworking as it is commonly termed, is 
done ui two main ways, either by topworking or by 
flameworking, Figure 3 

Topworking— In topworking, much of the main 
branch system of the tiee is nmoved and scions arc 
inserted ui the rut ends of the main limbs, usually 
w ithin two or three feet of the ci uteh Small branc hes 
below the gc n* ral It vel of grafts should be left intact 
for a lime in order to ft cd the roots until the ingrafted 
shoots have grown out sufficiently Branches left 
temporarily are known as ‘sap diawcrs*, the 
presence ol laigt sap di aw era ’ in no way diminishes 
scion growth but, on the contrary, increases it and 
reduces the risk of loss due to post-grafting diseases 
surh as papery bark canker AT 

Frameu otfong — In frame working, the main branch 
framework of the tree is entirely retained and lur- 
rushed with scions loi the production ol fruiting 
laterals and extension branches The initial cost ot 
frameworking is much higher than that of topworking, 
but there art some important advantages hrame- 
worked trees remain healthy in situations where 
topworked trees die from diseases such as silvcrlcaf 
and papery bark canker 1 "* 11 The number of scions 
inserted on a single mature tree may vary according 
to local custom but up to a thousand scions have 
been used on very laige apple trees The number 
of operations involved in such processes calls for a 
simplified technique 

Outstanding amongst the methods used is the stub 
graft in which the scion base is cut to form a wedge 
which is insetted into \ cleft at the base of a lateral 
on the Iramcwork of the tree This cleft is iormed 
by a single c ut, ope ned by bending the lateral, into 
which the scion is inserted and held when the lateral 
is released Ihe lateral is then severed above the 
insertion 

CONSTRUCTION QV RFSlSTANT PLANTS 

Variation in degree of resistance to advene con¬ 
ditions, or to diseases of various kinds, is a common 
phenomenon in plants, of which practical use is 
made The winter frost resistant apple Antonowka 
has been used with success by W hiLEWirz '* in the 
construction of trees capable of withstanding the 
severe winters experienced in Poland The hardy 
Antonowka is used for the stem and lower parts of 
the mam limbs which are later grafted with the tender 
fruitful variety It was found that the retention of 
one or two small limbs of the Antonowka on the 
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a b 

Figure j Similar apple has, a iopworktd and b frameworked Photographed three seasons after %rqftmg 


M>ulli west side oi the tiee madt the scion above 
mote resistant 

Where othirwwe desirable varieties are susceptible 
to attaek by soil fungi it is jjossiblc to use a disease 
lesisUnt stock, as is now Jairly common practice with 
cucumbers in Holland, the cucumbei being giaftid 
on to the collar rot resistant C ficfolia H B S 
Montgomery and others 1- report that plum trees 
in England have been made more nsistant to 
‘Bartenal Canker’ Pseudomonas mors-prunontm by 
conslrucUng the trunk and main limbs ol varieties 
resistant to the disease The ravages of the Woolly 
Aphid 9 Eriosoma lanigerum of the apple have been 
cheeked by the use of rootstocks highly resistant to 
the peat, the Northern Spy rootstock, which suffer* 
no damagt from the ptst, has been used with con¬ 
siderable success in Australia and New Zealand and, 
to some extent, in South Africa- 11 

TREE SUROERY 

If the rules of cambial contact and polarity and, of 
course, relationship are observed, there seems to be 
little limit to the use of tree surgery When trees have 
been completely girdled by animals or other agencies 
they die, unless branches and roots are suitably 
reconnected 

In large trees death may not occur till one or two 
yean later but it is inevitable first in the roots, then 
in the branches A vecy simple technique for treat¬ 


ment is adi quati , yearling shoots arc used to connect 
the undamaged parts and these quickly increase in 
size and be fori long take over the functions of the 
stem or trunk 

Ihis has recently Inen used with success in the 
bridging of incompatible unions between pear and 
quince in coinmen tal plantations I his budging of 
incompatible unions has also been accomplished 
merely by the insertion of pane Is of rind of a mutually 
compatible variety, across the union Such panels 
are known to extend sic tonally and ‘ staple ’ the 
onginal snon 

J Hearuan and others 81 invigorated weakly 
growing trees by inarching into them their more 
vigorous relatives Whtn first done this operation 
invigorated only those parts of the plant which were 
in ducct vascular connection with the vigorous 
component but later the mlluenc e spn ad through the 
tree The early effect of this influence u hastened 
by inserting the plant inducing vigour in line with 
the divisions of the main branches so achieving im¬ 
mediate contact with the vascular systems of more 
than one branch In apple trees the beneficial effect 
of vigorous inarches has been noticeable within three 
yean, and thereafter the growth and health of trees 
previously stunted have gready unproved W H 
Chandier” reports that pear trees in America 
which bore black-end fruits, because they were 
worked on Pyrus pyr\fbha t were cured by marching 
with P communis The trees continued to bear 
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black-end fruits until the marrhcd plants had replaced 
the functions of the P pyr\folia roots and these had 
bet n cut away 

C RAFTING IN BIOIOC.ICAL RESEARCH 

Jn the extensive studies of the relationship of root- 
stock ard scion, with which R G Hatton will 
always be associated, grafting was indispensable 
Whilst m most of this work the trees were composed 
of two individuals jomed by a single giaft therewere 
occasions when numbers of rootstocks and scions were 
amalgamated in complex systems with a view to 
resolving some of the particular difficulties of 
biological n search 

All plant viruses are transmitted by grafting and 
much use is now made, of grafting to investigate the 
hcaltlr of plants, to map symptoms and to amal¬ 
gamate viruses for re search purposes Tor such trans¬ 
mission 'organic union' is generally vital but it 
dors not follow that a successful and lasting union 
is necessary, since the incompatible union is no 
barrier to virus transmission In the selection of 
healthy colonies of strawberries Fragana spp con¬ 
siderable use has been made of stolon giafttng by 
R V Harris and M F Kino - 4 The stolons sur¬ 
vive only one season but efficient transmission occurs 
directly a union u established 

Special use has been made of the bottle graft 
technique, Ptgure 4, for virus transmission by C H 
C ADMAN"* A growing shoot is collected, preferably 
by severing under water, and placed in a bottle of 
water in which it stays whilst it is approach grafted 
to an established plant, the bottle remaining until 
a union is effected 

Though grafting in commerce is confined to 
perennial plants, annual plants ate equally suscep¬ 
tible to this technique , in fact thr rapidly growing 
tissues associated with shortlived plants appear to 
graft far more readily than those of the may only of 
woody subjects The virus of the * woodiness ’ 
disease ol passion fruit Pasvflota tdiths has been 
transnut ted by single leaf grafts 3- Actually a 
junction is formed between the petiole and the 
cortical tissues of the stem and it dots not matter 
w he ther or not the dorsat surface is uppermost 

J M Wallace 1 has used leaf tissue scions to 
transmit virus diseases in citrus and prunus Fhe 
process is intriguingly simple Small pieces of 
lamina were placed beneath raised strips of rind 
Examination of leaf pieces some thirty months 
after insertion levealed that they were not only 
living but still possessed chlorophyll, although 
buried, by then, beneath three to four millimetres 
of xylem Union occurred only at the cut edges of 
the leaf pieces and at any small incidental wounds 



which had occurred during the operation I his was 
c It arly demonstrate d on floating sec tions 

Grafting is also employed in plant hormone studu s 
Research into vegelaUve propagation by cutUngs is 
making increasing use of grafting to join, tem¬ 
porarily, n ady rooting to shy rooting subjects 1 he 
suggesuon is that rooting stimuli arc transferred , 
similar transference of the * floral stimulus' has al¬ 
ready bten claimed K C Hamnfr and J Bonnfr ■ 
using cocklebur Xanthium pmnyhameum placed a 
layer of lens paper between the eut surfaces of the 
components, one of which was subjected to a long, 
and the other to a short, photo period It was 
found that the floral initiation stimulus was able to 
diffuse across the junction and it was considered that 
this demonstrated that a substance or substances 
were concerned However, A P and R B With¬ 
row * found that it was necessary to establish tissue 
union for at least four days Synthetic growth sub¬ 
stances have been used IB » 11 to increase the rate of 
call using and so the formation of the union, par¬ 
ticularly when cutting grafting vines V wttfera, but 
stimulation of callus growth was always accompanied 
by an inconvenient amount of rooting in the region 
of the union 

oraft hybrids and specific influence 

H Winklfr * 3 made a very full study of so-called 
giaft hybnds, considering them under three heads 

/ those due to specific influence 

2 penclinal, sectorial, and mixed chimaeras 

3 cell fusion graft hybnds 

Specific influence defined as * a permanent change 
m one component brought about by association with 
another, and such changed form transmissible by vege¬ 
tative propagation 1 has not yet been satisfactorily 
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proved to be other than temporary nutriti\e in* 
flurnct C himaeras arc fairly common and can 
be made by manipulation ol graft unions as explained 
by V A Jorcensfn and M B Crane 11 Ghunacras 
may also anv spontaneously as, tor example, in the 
formation of the Golden Wonder potato which was 
found 84 to be a ptnchnal chimaera with an inner 
con of the vanety I angworthy Cell fusion hybnds 
arising as a direct result ol grafting have not been 
proved to exist In view of these delinilc statements 
the claims of I V Mr Kurin's followers in ihr 
USSR are ol considerable interest 1 D 
Lvsenko 11 reports that Michunn used methods to 
obtain vegetative hybnds 111 ‘ large quantities 1 \ 

possible explanation is that these vegetative hybnds 
are not the chimaeras of Winkler nor cell fusion 
hybnds but rather plants which have been 1 specifi¬ 
cally influenced* An example of the Michunn 
method is much as follows Scions of an old 
established \anrty of fruit are grafted on a young 
seedling and this young seedling then acquires 
piopertics which it previously lacked, these properties 
havmg bee n transmitted from the old strain Michunn 
termed this old strain the mentor * and he used 
both rootstock and scion mentors at will and believed 
he had improved a number of new strains The 
Russian work claims to have shown that ‘ whe n an 
old establish' d kind of heredity is being eliminate d 
wc do not at once get a fully established, solidified 
new heredity In the vast majority of cases what we 
get is an organism with a plastic nature, which 
Michunn celled " shaken ** ’ These shaken * naluus 
have a tendency to show some adaptability 

1 

The work of this group of Soviet biologists, like 
that of the French botanist Daniel, has received con¬ 
siderable attention but little support in scientific 
circles outside Russia In America K S Wiison 
and C I Withnrr" graft'd together red, yellow, 
white, * plum * and pear 1 tomatoes All com¬ 
binations of defoliated stock or scion and dcfruitcd 
stock or scion, and controls were tried, and vitamin 
production ui vanous parts was canlully analysed 
No evidence was obtained that differences between 
two graft symbionts in vitamin production were 
transferred from one component to the other, no 
changes m visible characters occurred, nor was tune 
of fruit ripening changed 

If ‘ specific influence * was of common occurrence 
one might not be surprised to find that the common 
fruit varieties in our orchards would have been 
‘ shaken at least whm first product d, by grafting 
them upon old established rootstocks in the nursery 
or upon mature trees in the 01 chard Such 1 shaken ' 
heredities should then have acquired properties of 
the strains to which they were grafted Consequently 


we should expeci to find a collection of differing 
fruit* under one name It is well known that there 
are ceitain difference* within a fiuit vanety but 
these are few and ait tra< cable cither to systcmir 
disease 01, much inoic rarely, to mutations, and in 
general the chaiat lent of our fruit varieties have been 
pcrp< tuatul for many centuries, without apparent 
change by tepeattd veg< tativc propagation Recent 
publication, in Lnglish, of I V MichurinV 7 
original pap< rs facilitate s examination of his claims 
which, at least in some rtspeets, fall short of those 
made on hi* behalf 
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Industrial Filtration 

P M HEERTJES, Dr Ir 

Department of Chemical Engineering, Technical University, Delft 


tiLTRAiioN is a process m which a heterogeneous 
system < omuting of a solid substance and a fluid is 
separated into its constituents, using a porous medium 
whu h i clams the solid, but allows passage of the fluid 
The pressure diflertnre necessary to torre the liquid 
through the porous medium and through the layers 
ot solid substance formed on this medium may be 
supplied by gravity alom , by using vacuum, by using 
fluid pressure (pumps 01 other means) or by centri¬ 
fugal fouc The method will depend upon the 
quantities and properties of the system to be sc paralt d, 
the icsistanre to flow, the filtering area and the lil- 
tntion time available The aim is to make this 
filiation time as short as possible, consistent with 
good scp'uation and low cost 

Ihe porous media used in industry vary widely 
hxamples are sands, coke, charcoal, earths, porous 
stones, sintered glass, petfotated or slotted plates, 
metallic elolhs, woven and unwoven cotton, silk, 
wool rayon, nylon, glass fibres and porous hard and 
soft rubber sheets 

nitration is one of the most important of industrial 
operations and much practical experience has been 
obtained Moreover great attention has been given 
to the thcore lical side of filtration Despite this fact 
there is still a considerable gap between practice and 
theory The reason for this is that, although not 
obvious at first sight, the filtration process is compli¬ 
cated This implies that generally in practice the 
data necessary to design filtering machinery arc not 
known or the desired conditions are not reached 

In tins review a discussion of present theoretical 
knowledge on filtration will be given, substantiating 
the view expressed above It should be noted that 
most of the work has been done on suspensions 

THEORY OP FILTRATION 

One of the simplest examples of industrial filtration 
is that of filtering water for drinking purposes This 
can be treated as the problem of liquid flow through 
a porous medium, neglecting the influence of the 
solid substance over short penods, and an expression 
can be derived for the rate of streamline flow through 
a porous medium 1 

1 dV 1 V _ 1 AP 

A dO~A J T (0 

where A is the filtering area, 0 the time of filtration, 
V the filtrate volume, A" the permeability of porous 
medium, ft the viscosity of fluid, L the thickness of 


cake layer, and AP the pressure difference over filler 
medium and rake Equation i is analogous to the 
equation of Darcy 1 lor the flow of water through 
fine sands 1 he viscosity term has been introduce d in 
analogy with the Poiscuille-llagcn conception of 
streamline capillary flow I he pt notability A", w hich 
can be expressed in terms of the propci ties of the 
porous me chum su< h as porosity, see p 357, is howevet 
not constant even loi one system eg it is a function 1 
of AP/I This function cannot be expressed mathe¬ 
matic ally, as the physical picture of flow is far from 
clear because of the complexity of the problem, even 
for a bed of spheres of equal diameters 1-1 Lack of 
insight into the physical dc tails of the fillrauon process 
has hindered and still hinders the progress of filtration 
theory 

Based on the same Powcuille-Hagcn conception of 
flow, for a sludge filtration during which a cake of 
increasing thickness is formed, the rate ul filtration 
after a volume V has been filtered in the time 0, 
provided cakes of equal thickness arc formed, can 
be expressed by 

A dO ft R W 

I he symbol R represents the combined resistance per 
umt of surface, of cake and filtering medium It has 
been proved by several authors that for most 
filtration* the introduction of the viscosity term is 
correct 

Fen* those filiations in which the cake is formed 
over the poious medium the resistance term R can 
be split up into two components, R K (cake resistance 
per unit of surface) and Rj (resistance of the porous 
medium per unit of surface) .Therefore according 
to D R Sperry 10 

1 dV 1 AP 

A dd~ r R m + Rf (3) 

To find the desired relation between V and 0 , equa¬ 
tion 3 must be integrated, hence the dependence of 
R K and Rf on the filtration variables must be known 

THE CAKE RESISTANCE 

Introducing a specific resistance on a weight basis, 
following the suggestions of H I Waierman* and 
co-workers 11 * 11 , expressed as the resistance of a cake 
of umt weight per unit of filtering area and observing 
that this resistance in general is not constant for the 
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whole cake 14 , a point resistance called the differential 
specific resistance T4 must be introduced 

dR K = T.d(¥) (4) 

where rj is a function of a deforming force in the 
cake (which is equal to the pressure loss p in fluid 
in the cake 1 ), c 11 the concentration of the suspension 
(weight per volume) and AP the pressure difference 
over filter medium and cake for one hher medium 11 * 11 
Contrary to P C Carman’s opinion the deforming 
foict is the actual pressure of solid on solid in the 
cake f'\ L Bloomfield 1 ’) 

INCOMPRESSIBI F SLUDOES 

For incompressible sludges, by definition, T4 is not a 
function of p and » therefore constant for the whole 
cake, and equals r K , r K is the constant specific 
resistance of a cake per unit weight per unit of 
surface However r K is a function of the concen¬ 
tration c of the suspension Although this influence 
is ftlt only over a short roncentiatiem range at vci> 
low concentrations, it is a marked one, giving an 
inciease of the resistance at lower (onrrntnUons 
It may be noted that J W Hjncuiev,S G M Ukt 
and B Y\ ( lark* 14 and H Pai 1 14 found an in¬ 
crease in p° loslt Y with incieasing concentration 
hurdler, r K is a function of the initial velocity of 
filtiation, r £ increasing at higher velocity I11 both 
instances r K soon becomes constant In all probability 
the cause of both the observed phenomena is the same 
The structure of the cake formed by the first solid 
particles arriving at the filter cloth is deteiinuud lyy 
concentration and by the initial velocity ol flow 
Moreover, apparendy the first layers determine the 
structuic of the whole cake provided it is not Loo 
thick 

Working at constant concentration and initial 
sclocity 

Rm ( 5 ) 

If the sc conditions arc not fulfilled the integration 
of equation 4 is not always possible in the absence 
of a mathematical relation between rd* c and AP 

COMPRESSIBLE SLUDGES 
For compressible sludges r M is also a function of p the 
pressure loss in the liquid in a cake The form of this 
function cannot be derived from theoretical prin¬ 
ciples, and it must therefore be deduced from ac tual 
measurements, from which can be found the relation 
between a mean specific resistance, determined by 



and the total pressure difference AP r m designates 
the mean specific resistance of the cake per unit 
weight per unit of surface 

Two types of functions have been deduced 
exponential funrtions, r m =- / (AP)* (D R 
Sperry- 0 , H t Webber and R I Hfrshly 11 ), or 
r m — r' 1 1 | a (AP)*] (B F Ruth 4 *), and a linear 
function, r m -r'(I \ a AP) (J P M van Gust 11 , 
M B Donaid and R D IIunnhkan 11 ) where r* is 
a dimensional constant and a, a aie dimensionless 
constants I mm these approximate integrated ex¬ 
pressions nothing definite can be said about the 
actual influence ol p on rj It can be shown mathe¬ 
matically that an approximate linear funruon of 
r m in IP results fiom an exponential funition* of rj 
in p Mon over the range of pressure differences 
used might have obscured the actual farts \n ex¬ 
ponential dtpendtnee then fort stum probable 
Although the setond type of formulation seems to 
be more in accordance with (acts because rj <. annot 
be zero at p - o, it stems a possible approximation 
with respet t to actual results found so far to introduce 

rj^r'p* (7) 

(For other cxamplrs sec C arman) 1 his equation 
includes also the non-compressiblt sludges for which 
<1 — 0 The pressure loss in liquid in a cake, p , 
ranges from zero (pre-filtration side of the cake) to 
Pm (post-filtration side of the cake) 

Now 

1 d\ 1 AP 1 p M 

i dO |i fig -)- Rj p R k 

1 dp 1 dp 
p dRg t* r tl d(cll 4 ) 

when Pm is tin prcssuic diffeiencr over the take 
Intiodunng equation 7 and intcgiating between the 
limits cV/A and o, p K and o, yields 

1 dV ~ l ( 8 ) 

A de n TiPi(cV/A) w 

where r x is a dimensional constant 

CLOTH RESISTANCE 

Based on the experiments on clean filter cloths 11 , 
A J V Underwood 44 has given the relation be¬ 
tween (1 IA)(dV/dO) and the filtration pressure ax 
an exponential function in which the exponent 
changes from 2 to i Although the exponent 2 is 
very unlikely 14 , since 

\ dV_P L 
A dd R f 

(pf being the pressure difference over the filter 
medium) it may be assumed that 


255 



Research 3-6 


r m HEfrRrjES Industrial Filtration 


( 9 ) 

R* lx uig a dimensional constant, a 9 a dimensionless 
constant tor several reason* it is often not per¬ 
missible to use the resistance of the clean cloth It 
may be that in the initial stages of a filtration the 
filter is clogged or must be clogged to ensure good 
filtration or, due to experimental condiUons, the 
first layers may have a different specific resistance 
If the filter is not completely clogged up there is no 
apparent reason for not introduc ing the resistance of 
the encrusted cloth in the equation 3 as long as the 
amount of clogging is small or known A big dis¬ 
advantage however is that this resistance ran only 
be found by extrapolation of experimental results, 
which greatly reduces the accuracy 

Tor the encrusted doth Carman considers only the 
cloth-held cake responsible lor the modified f cloth 
resistance* R'j Although this is not a justifiable 
assumption, his reasoning might serve as a first 
appioximation treating the cloth-held cake as a 
normal compressible take (exponent 0<a'<* I) 
and noting that the pressure on the cake ranges from 
p s to AP , the following equation is derived with 
constants (dimensional) and a 9 (dimensionless) 

1 dV 1 ( IP) 0 »') - p n (1 •') 

A dO ft Ri 

(10) 

Filtration equation — Combining cquaUons 8 and 10 
gives 


- AP 



Considering the right hand side of equation io, 
for p K lAP->l 9 this reduces to pjIfiRtP^ * which 
means that the cloth resistance changes exponentially 
with the pressure on the upper laver oi the cloth 1 


SGOURINC EFFECT 

In Uu filtration uf sluny precipitates with filter aids 
a scouring effect was observed \ the small particles 
being earned lorward faster than the others £ A 
At 1 ioit 1 suggested the introducUon of this effect for 
heterogeneous incompressible sludges also Mathe¬ 
matically this effect has been formulated by ronsider- 
mg r A to be dependent on the filtration rate 



in which r t is a dimensional constant, \ a dimension¬ 
less constant It has been shown 4 , however, that the 
resulting filtration equation' > '* is easily obtained if 
the cloth lesistancc is neglected 



const 


(apy 

v - 


(» 6 ) 


(m, r are dimensionless constants) 

Actually at present there is no conclusive expen- 
mental support for the influence of scouring effect 
on filtration It it does occur it would be in the 
form of a clogging 0/ the porous medium 


THF VjB RE I A 1 ION FOR CAKE FILTRATION 

1 quation 12 may serve as a basis to find an approxi¬ 
mate rc la lion between V and 0 As V - o for 0 = o, 
integration of equation u yields for a cake filtiation 
at constant pressure 


where r A u a dimensional constant 

lor thick cakes P K \AP approaches unity 
in addition if a is nearly equal to a\ 

/ P* \ (l / A- v t 

,+ (;j) 

equation 11 reduces to 


Then, 


-(£) 


-1 


1 dV ^ 1 AP 

A n (cVjA) + R x (APy 

< ia) 

Therefore 

= (13) 

and 

R'f-Rt {AP)*' (14) 

t 4 for the filtration of compressible sludges the mean 
specific cake resistance and the cloth resistance may 
be considered to vary approximately exponentially 
with the total pressure difference 


(AP)B UP J' e (\y l-p*, W'(J) 

(• 7 ) 

and at constant rate 

[AP)B - h r x ( + (AP)-' Q 

(. 8 ) 

As n clear from equation 1a for every cake filtration 
at constant pressure 


b being a dimensionless constant 

Inspection of equation iq shows that the V/B relation 
must be a true parabola or part of a true parabola 
if the integration constant of equation iq representing 
the cloth resistance is not zero Ihis has been 
pointed out by several authors 14 ’ ** ,l The relation 
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can be formulated mathematically 14 by anuming the 
clc th resistance equal to a cake formed by filtering 
a \olumt V Q in the time Q 0 Thus 

1 dV 1 d[V | V m ) __1 AP 

A de~ A d (0 \ 0 .) p [r l (,IP)‘r/l] [V \ V.] 

(*o) 

therefore 


21* ( AP) il ■> 

^ (0 


0 .) 


0 m) 


In making calculations for filtration apparatus, 
equations 17, 18 and 31 or any other integrated 
tesult of equation 12 or analogous equations can be 
used if the different constants are determined in a 
small sicale experiment by appropriate graphical 
interpretation of the results 


C t df Wirr*- gives a relationship bctwct.11 \ 
and 0 O in the same form as the Gompc rlz equation for 
dc ath and birth rates of populations 1 e 

f{V) =- lOIMt exp [- exp{ - J\ 0 ) }J 

( 32 ) 


lhis approach is not vtrv convincing because its 
physical background is too broad and therefore too 
vague 


SPECIUC RESISTANC F AND POROSITY 

In older to obtain a more detailid picture of the 
specific resistance of a rake, the results obtained with 
the filtiation through stationary beds of solid par¬ 
ticles ” -11 have been used 11 J Kozfny” showed 
that A may be written 


V AT" 

* (v — 

where A " 11 a dimensional constant 


(36) 


Little is known at present about porosity as a func¬ 
tion of shape, size and size distribution of the solid 
substance II J Eraser” found that the porosity 
decreases as the average particle size increases, and 
that tor a constant volume ratio of a two component 
system with decreasing raUo of small particles to 
large particles after an initial increase over a small 
region, a decrease m porosity, reaching a constant 
value, occurred lor compressible sludges a know¬ 
ledge of the changes of void volume with pressure 
11 needed in order to be able to integrate the resulting 
equation I his relationship is not known and again 
recourse must be taken to expet 1 mental observation 
of the system be ing studied 

Mote differential c xpressions analogous to equation 
34 tor the. flow of fluids (especially of gases) through 
beds of vilid paitides have rercntly betn given by 
W K Lewis ft alu" M I eva it afu 0 and S 1 rcun 
and A \ Orninc , 41 , these refer both to streamline 
and non-streamline flow conditions I E Brownell 
and D I Kai/ 4 *, comparing the flow of a fluid 
through a porous mass with the flow through pipes, 
introduce a modified Reynolds' number and friction 
fa< tor, both depending on the shape of the particles 
and the porosity of the cakes, to predict filtration 
rate An inten sting study based on this conception, 
of the simultaneous flow of two liquids is given foi 
rotary vacuum filtrations This method of attack is 
important, especially for filtrations with a high 
filtration rate (also centrifuges) 


*“*''’(1-0' 4- ™ 

where fl is the shape factor, e the porosity (volume 
of void per unit volume of rake), S is the sprriRe¬ 
surface of solid per unit of volume of solid, and A' 
is a dimensional constant 


Tor an incompressible cake therefore 

1 dV - K'ti a> 1 P* _ A P* 

A aO 1 (l - *)■ A J pL pr K c\ 

(■> 4 ) 


Since A(i — e)L 6 — cV,d being the denuty of solid 


(1 — e)* S* 

de*K' p 


(25) 


or introducing the void volume v of cakt per unit 
weight of substance and noting that according 
to B F Ruth” v 1 u a linear function of 
f*< 5 l[v + (1 /A )] 1 and moreover a certain void 
volume is not available for fluid flow, the constant 
specific resistance, may be calculated as follows 


( LOT H 1 CAKE RLLAIIONS 
BIOCKINC. FILTRATION 

In the loregoing discussion some clogging of the 
porous mi dium has been acrrptrd which clogged the 
cloth without impeding the cake above it The only 
important problem about this system was the know¬ 
ledge of the actual resistance of the filter cloth 
Whin as this occurs foi all industrial filtrations 
with cakes of a certain thickness, it has been in¬ 
dicated 4 * that there are many industrial hltrations 
in which the cloth/cakc relationship plays the most 
important part This occurs for instance with dilute 
suspensions of slimy particles (rayon industry) 
Knowledge of the doth/cake relationship is therefore 
important This statement holds good in general for 
every filtration because the initial stage of every 
sludge and water filtration is governed by this 
relationship Moreover the phenomenon of blocking 
is a general one, its effects depending on filtration 
conditions P H Hermans and H L BkEDEE 4, havt 
derived laws for three different cases of blocking 
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/ dRjdV — b'R 1 (complete blocking) 

2 dRjdV ~ b"R Mtt (27) 

3 dRjdV - b’"R 

To this senes the take filtration may be added 

4 dRjdV -=■ b 

In these representations b' — b ,n are dimensionless 
constants 

1 he author is of the opinion that the change fiom 
complete blocking to cake filtration is a gradual one 
1 e dRjdV *= the value ot q ranging from 2 

to zero 1 he magnitude of q depe ndi on the system 
to be filUrc.il, the porous medium, and filtration 
condition*! An extrapolation to V o of the RjV 
relationship found in filtration usually yields values 
for tlit cloth resistance which art different from the 
resistance of the clean filter medium Fxcluding 
observations of an uncertain nature, this extrapolated 
resistance is m gt ne ral too high 1 his may be c aused 
by a real blocking of the porous medium, or an 
apparent blocking lx cause conditions of filtration 
rt suit in a specific resistance of the initial la>eis of 
the cake higher than the noimal value in the fiist 
stages of the filuation that cannot be followed 
propnly Every RjV relationship, pio idtd that 
it can be measured over the whole lange and that 
conditions ire constant, must intersect the V axis at 
a value equal to the cloth resistance An intercsUng 
study about RjV lints for different casts has been 
given by A BRitonti-Mtii 1 tr 1 * 

FILTER I-FFEC 1 

One of the least understood phe nomtna in filtration 
practice and theory is the so-called filler effect (in 
all probability first described by G > HO me, and 
M N* i ir 44 ) on filtering an apparently (hr liquid 
through a porous medium the rate of flow dec reaves 
with tune .This decrease can be very pionounced 
eg when filtering ammonia Several explanations 
have been give n, omitting the obvious effect of algae 
dissolved air in the liquid freed in vacuum filtra¬ 
tion 4 * , very small solid particles, in suspension, or 
freed during filtiation 7 * 4I . 44 , compression of the 
filter cloth 47 and clectrokinetic forces, that give rise 
to an electro-osmotic flow region which inrreases 
with time, decreasing the actual flow region 17 It 
is obvious from rxpc nments with solutions containing 
ions that with small capillaries this last fact plays 
an impoitant part It cannot, however, be a general 
cause and probably most of the factors mentioned, 
or combinations of these, have some influence 

A good remedy agauut the very inconvenient filter 
effect is the use of prefiltered liquid 41 . 4 * In practice 
this precaution is not always possible 


INFLUENCES ON RATE OF FLOW 

Ionic influence — It may be icmarked that electro- 
kinetic phenomena ran also influence the specific 
resistance of a cake By reducing the electro-osmotic 
flow region with ions, the resistance of a cake can 
be reduced 41 Moreover the size of flocculates can 
be altered by changing their charge Addition of a 
pcpti/ing agent can increase the resistance of some 
slurries considerably 

Surface tension influence - Ihe effect of the surface 
tension of the liquid has not been dealt with in much 
detail E E Jewltt and R h Monionna* observe 
an increase in flow on dec it ase of the surface tension 
A very marked similar c fleet for gelatinous pioducli 
has been pattnted 4 * 

WASHING A CAKE 

In principle the rate of washing can easily be deter¬ 
mined by using the filtiation equations with constant 
revistaiic c In general, how eve i, the c onditions during 
washing arc not the same as those during filtration 
C racks can be formed, the cake form ition may alttr 
and the path of the liquid cm be diffeient (filter 
presses) In general the use of conditions at the end 
of t filtration as a basis for estimating the washing 
time is open to quesLion 

Moreover even if this time could be calculated, 
nothing definite can be said so far about the process 
of washing a eakc free from mother liquor, because 
this will depend on tin distribution of pons in the 
eakc as well as on tht diffusion into the streaming 
liquid Such an cffict must again be determined 
experimentally 

CONCI USION& 

Some aspects of the factors determining the filtration 
rate have been discussed With regard to industiial 
filtriMon, pioblems of plant-scale opeiadon can be 
handled approximately provided that propc r atten¬ 
tion can b< given to such factors as temperature 
(influence on viscosity and probably on specific 
resistance), exact known working conditions, homo¬ 
geneity of suspcnsion, sedimentation in the apparatus 
(uneven cakes), and absence of vibration Greater 
success would be icachcd if it were fully recognized 
that filtration is a complicated process and if every 
factor governing the process could be clearly separated 
and included in the observations and conditions 

It is obvious that the theory is still very far 
from complete The lines along which further re¬ 
search must be earned out will not be discussed here, 
but one item is outstanding the specific resistance 
must be broken down into variables which c*n be 
measured easily without the use of individual filtration 
experiments for every system 
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Heat of Atomization of Carbon 

H D SPRING\LI, MA, D Phil 
Department of C hem i* try, University of Manchester 


1 he heat of alomi/ation of carbon is the enthalpy 
change ^//accompanying the transfoimation ot I gm 
atom ol c arbon from graphite * to free ground stxte ( *P) 
atoms, AHhm C KI mphth the latent heal of subli¬ 
mation of giaphite which, for the sublimation 
transformation at o Q K, has been designated* / 
A|>art from its intrinsic interest, this cnergv turn is 
dircctlv involved in all absolute bond eneigy ttcat- 
ments and in all applications of molecular strut lut'd 
ideas to thermucheniical dan, in organic chunistn 

The unequivocal evaluation of this important 
quantity has not yet been achieved, despite a gieat 
weight and variety of experimental evidence, especi¬ 
ally by tht analysis of spec troseopic data, particularh 
for t O, and thermodynamic and kinetic data The 
uncertainty in the evaluation of / is not that ot a 
wide range within which the true value must fall 
but ol the choice, essentially, between tour ace urate 1\ 
known alternative values, 1704, 141 2, 13b 1 and 
1.2 1 ) o keal/gm atom, while the value 73 b kral/gm 
atom (k/a) also has its advocates 

The expeiimental methods for investigating the 
problem may Ik divided into two classes 

1 Indirect methods based on investigation of the 
energy levtls of simple gaseous carbon compounds 
by spectroscopic, photochemical, electron impact, 
thermexhemiral and kinetic mi thuds 

2 Diicct methods, in which the actual sublimation 
change 

( iTMfihth -* C tfftJN (*P) 

is investigated and the latent heat of sublimation 
/ is evaluated trom, for example mcasuieincnts 
of vapour prissun or ol rate of loss ol weight 

INDIREC T METHODS 

Ihe energy units employed bv spectroscopists 
[electron volts fr\) or frequencies (cm *)] and 
thermochemists [kilocalories (k)] ate related as 
follows 

1 e\ =- 23 00 k 
lrm-> — 2 858 * 10 »k 

Spectroscopic data yield AH values assocmttd with 
transformation! at o°K, AH % terms, while thermo- 
chemical treatments use AH values for transforma¬ 
tions at jq8°K, AH %U terms The conversion factors 1 
arc relatively small and 


The compounds whic h have Ijecn most used in the 
indiree tapproach toLaie CO, C H 4 , CjN, and C a H t 
The procedure, the same in principle for each com¬ 
pound, is lllustiated by the CO investigation which 
is formally the simplest and has been the most in¬ 
tensive ly pursue d 

The cnergv levels of the CO system involved in 
the investigation are shown in Figure / 


zMt$M _ 

(-Ml 

r/(icoj 
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CQ, r i(r'r') 
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1 tgure 1 


The steps in the determination ate 

a the energy needed to disrupt the ground state mole¬ 
cule to fix c ground state atoms is measured , for 
a diatomic molecule this is the dissoc laliont energy 
D This quantity is equal to the hi at liberated 
in the formation of the molcruU fiom its free con¬ 
stituent atoms (— \H)j\ xt ‘ thi atomic heat of 
formation * 

b the energy liberated in the loimation of the mole¬ 
cule from its constituent elements in the ir standard 
states (— \H)j % te ‘the heat of formation, 
standard state v , is measured 

1 he difference between (— AH)f* and (— AH)J • 
gives the sum of the heats of atomization of the con¬ 
stituent elements and G) follows 

from a knowledge ot the AHn^ terms for the other 
constituent elements For CO 

Z JlWlO) - AH+JUL) + AHmJLO) 

* Grip] 1 ir 1* llie reference state nuw universally accepted for solid 
carbon 1 

t Untaa other •peoftcationt are quoted D refrrs to the d is M c laltoo 
of the (round state molecule to ground slate atom 


^ frgpAii* -=■ L + 12 k/a 


a6o 
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where 

AH Mt9m { 0 ) -OflflfO.) 

The application of tins nitlhod to each ot the molt - 
cules follows 

The CO moltcu'e 

D % (CO) - 0 5 0 ,( 0 .) - ( - J// t )/°(C O) 

(- J//,)/»(t O) = 27 18 keal/rnol 1 

D 9 { O,) -fjoBjev (trom spectroscopic work it- 
vicwcd by G Herzbfrg* and by A G Gwixin* 
Inserting the sc values in the alx>\ e expr cssion \\ c ha\ e 

I - /)„(CO) - 85 8k/a 

D 0 (tO) I S pictroscopic evidence - 1 he spectrum of 
CO is complex and susceptible to vanations of inter¬ 
pretation. Figure a C nlicdl re vie ws by G HbR/utuc ", 
A G GA*ooN*andH D Ha< siklm 7 haveappearcd 

The value taken foi D 0 (CO) is based pumanly 
on the observation of the vibtatioual levels ot the 
ground stale A *2’ h and the a'*E + state \nalysis may 
be simplified by taking the problem in two parts 

* Tncr/jy intervals - 1 he energy interval between the 
lowest vibrational level (v — o) for C 0(V2') and 
the ronveigente limit of CO^'^ 1 ) is 11 11 tv This 
is based on tracing 1 the vibrational levels ol 
C 0(a'*2^) up to v — 41 leaving a short e xtnpulalion 
to the convergence limit, and on the evaluation at 
6 90 cv of the energy interval betwet n the v - o levels 
of the X'E + and a'*E' states from the Hopficld- 
Birge bands 

.There is still doubt as to tht location of the con¬ 
vergence limit for CO(A'20 lht vibrational 
levels have only been traced up to u — 22 which is 
still tar below the convergence limit so that there is 
uncertainty in the long extrapolation Reasonable 
arguments, based on piedissociation phenomena and 
on Birgc-Spontr extrapolation, have been advanced 
in favour of two diflcrtnt locations at 9 14 ev using 
an orthodox curvilinear extrapolation • l * B , and at 
11 11 ev using a linear extrapolation 10 

u Dissociation products —There is no reasonable 
doubt that the products from the dissociation of 
are ground state atoms*! *, C(*P) and 
0 (*P) Iheie is, however, no certainty as to the 
excitation of the C and O atoms produced by 
the dissociation of GO(a'*JP + ) Of six different 
sets of possible products* C(*F) H Q(*F) and 
C(*i*) \- 0 ( l D) are the most important 

There are therefore two main alternative inter¬ 
pretations of the data, shown in Table I 

G IIfrzberc *» *# * has favoured the first view 
(tigure at) while A G Gaydon and W G Pennev ,b 
have recently brought# forward evidence, based 


Table / 


thwi nation 

Products Lila 

CO jJj U ---— Fnrr L j tmplnd 

C O D % n 1 

fV 1 ^^ *P ■/» 414 1 

M > vs o 

*p »/> 1 4 **i J 

7v *.*.+ *p *p 777 1 h ~ 

La *P B P 1 4 41 ,J 


lugtly on tin non-crossing rulr ll » l -, in lavour of 
the si cond v u w (Tiguie si) Die ir c v idence lias bc« n 
questioned, though not disproved* 1B 

\ uy ic< < ntlv 11 , D lor C 0 ( 1 * ' ll ) has been c stimated 
as o 3 1 031% I his v vine is based on the atih.tr- 
momcitv ol vibrational motion in this electronic level 
and cannot he gtexil) 111 ciror Ihe dissociation 
process is pmbxbly 

t ()(F' 77 )-(■/>) | Op/)) 

giving for 

CO(A' 2 J ) — > C (*P) -h O('P) 

D 0 - 0 8 10 kv 

This third value for D # (CO) is in close agreement 
with the value 1 * advoexted horn electron impact 
experiments and is reconcilable with the prtdinsncia- 
non at 11 11 cv ll C 0(a'\T H ) dissue latu to 
(.('/?) { OpF), Tigure -fb, see below 

\ fourth v due for /),(CO), 69a cv has been ael- 
vannd 1 *- 1 * based on the claimed observation ol a 
piedissociation in the A'II state and also assuming 
that ( 0( \ l S { ) dissociates at 11 11 cv to C(*S) and 
0 (*P) There is doubt about the existence of this 
piedissociation*, moreover, such a low value for 
D 9 ( C O) would imply serious violaUons of the non- 
crossing rule and a value of I — 73 9 k/a so low as to 
be virtually iricconcilablc with the theimochcmistry 
of carbon compounds 

D 0 ( CO) a Photodissociation —Fxpenments on the 
photodissociation ol CO have been claimed 1 * to 
indicate that D,(CO) must lie in the range 8 44 to 
9 57 ev but the cone lusions as to JJ 0 (GO) from this 
work are not rigid 1 * 

/) t (C O) 3 hlection impact dissociation -H D 

Hacvsirim and J I Taif 14 have interpreted the 
results of electron impact measurements on CO as 
indicating that Z) B (CO) — 9 6 J_ o a ev The inter¬ 
pretation of the complex data has been questioned *• 10 
Hagstrum has however lecently* given a treatment 
of the CO spectrum in which he attributes the pre- 
dissociation at 11 11 ev to the existence of a maximum 
in the potential curve for the a'*E* state, this sttat© 





Ftgure a Energy level diagram of CO 7 hi main ftrtdissocuUwns art indicated by Pr 


dissociating at 10 87 ev to C ( l D ) + 0 ( B P) and thus 
reconcile 1 all data with D 9 (CX)) — 9 t>i ev Gaydon 
has pointed out 1 that on the more orthodox inter¬ 
pretation of the CO spectrum, accepting the dissocia¬ 
tion ol CO(a #B i 7 + ) at 11 11 ev, then, assuming that 
the pioduets arc C( 1 /)) + 0 ( B P), D t (CO) — q 85 ev 
it is possible to regard the electron impact work 
[and the results on CO(P l 77 )] as indicating 
D % { C O) 9 Oi or 9 85 ev, the former seeming prefer¬ 
able to the latter* 1 {Figure *b) Such values for 
-Dq(CO) unply violations of tlir non-crossing rule* 

1 he data on />,(CO) therefore yield five possible 
results of which four (11 11> 9 85, 9 61 and 9 14 ev) 
are much more probable than the fifth (6 92 ev) A 
final choice between the four more probable values 
does not seem possible at this stage though the 
weight of evidence seems to favour the 11 11 and 
9 61 ev values These /) t (CO) values permit, n spec- 
tively, the five alternative values for /, 170 4, 141 2 , 
136 1,125 o and 73 6 k/a and exclude all other values 

The CH| molecule 

*L - SZ>.(CH 4 ) - (- dtf.)/*(CH 4 ) - 


where 

ED,(CH 4 ) -= D.{ CH,~ II) + D 0 { CH t —II) 

+ A( C-*H‘—H) + D 0 ( CJ—H) 

(- AH 9 )f*{ CH 4 ) - 15 90 k/m 4 
/J 0 (H § ) - 4 4770 ev 

(from spectroscopic work discussed in the two 
reviews) thus 

L - SZ).(CH 4 ) - 222 4 k/a 

£/) e (CH 4 ) of the four terms involved m the 
summation only two, Z> s (CH a —H) and D % { C—H) f 
have been measured directly 

D t (CH,—H) G B Kistiakowsky and his col¬ 
laborators have studied the kinetics of the photo¬ 
chemical bromination of methane* l » 11 and by 
combining the results with thcrmochcmical and 
pyrolytic data have obtained the value of 101 + 1 k/m 
for £> 4 (CH|—H) Electron impact experiments 1 * 
also indicate D # (CH«—H) — 101 k/m 

D,( C—H) Spectroscopic predissociation evi¬ 

dence 14 on CH( B /Z) gives D 9 { C—H) — 3 47 ev 
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This derivation stems acceptable to spn cUom opists 1 * • 

I he data on the *77 state has been found-* to be 
compatible with work on th< *£ state 

D 0 ( CH.-H) and A>( GH—H) there is no 
duett experimental evidence leading to an 1 valua¬ 
tion of these energy terms Two sets of chrtron 
impac l data can be combined* to give for 

CH.— — CH,+ H, 

AH - 3 8 i 0 7 cv 

which combined with />„(CH,—H) and /}„(H.) 
gives a value for D 0 ( C H.—H) 90 ± lb k/m 1 hr 
nther wide limits of cxperimt ntal error lessen the 
value of this estimate 


the probltm of the bond energies of CH. and 
CH„ considering the changes m the relative 
< lecti onegativitits of the C and H atoms of the 
f —H bond, with changes in t‘ orbital hybridization 
Hl suggests 

n 9 ( C H,—II) — />,( CH—H) — 85 k/m 

£ht data arc msulTiuent to peimit rigid evalua¬ 
tion of 2 l/} 0 (C 11 4 ) but sonu information as to 
the magnitude ot I ran be obtained Since 
2 £/) 0 (CH 4 ) - L -f 222 k/m then, if tht values of 
101 and Bo k/m itsptt lively for £1,(CH,—H) and 
D t { C 'H) are accepted 

D 0 { CH.-H) + D 9 ( CH—H) -- L 4 41 k/m 


The complex literature on the chemical kinetics 
of it actions involving the CH. and CH. radicals 
lias Inin reviewed by F W R STEACit 17 I hert is 
frequently great difficulty m deciding the reaction 
mechanisms corresponding to observed kinetic data 
and in measuring the activation energies of both 
foiwaid and backward reactions of a given equi¬ 
librium, so that the results from this field are rather 
unhc Ipful in the assc ssmenl of AH tc rms corresponding 
to delimit reactions involving CH. and ( H gl 
from which D Q { CH.—H) could be evaluated, 
although such evaluations have been attempted 11 

In the absence of expeiimcntal data, the problem 
of calculating A>( CH. -H) and D 0 ( C H—II) has 
lx en attacked I he re are two mam < fleets lnfluc nnng 
the variation of the D 9 (C — 11 ) teuns as successive H 
atoms are removed from C H 4 hirst, the H *—— II 
repulsion forces fall off this lends to increase 
successiveZ),(C—H) terms , and secondly the nature 
of the C orbital involved in the C—H bond changes 
from the sp 1 orbital in CH. to the p orbital in C H, 
which tends to decrease successive /) # (C—H) terms 

A completely satisfactory theoretical consideration 
of these two effects in the stepwise dissociation of 
( H 4 has yet to be given, though J H van Vi lck 19 
has laid the foundations of such a treatment This 
approach has been developed by W G Penney * 0 
and H H Vooe**» 11 using experimental data to 
help in the evaluation of certain of the integrals 
involved Vogt, using the experimental values for 
Z) 0 (CHg- H) and D 9 ( Cl -H), has calculated 

/>,( CH,—H) - 88 I k/m 
D 9 ( CH—H) - 70 0 k/m 

G Gloc kler** has estimated 7 > 0 ( CH,—H) and 
/),( CH—H) as 93 k/m and 86 k/m respectively but 
his method involves such serious assumptions as to 
render the estimates of little value in themselves 
A D Walsh” has given a qualitative treatment to 

* Private cunununlcalMo Crone D P Stbvenion to H H Voob 
mad dacuned by tin Utter 11 


Table 11 


By inM rtmg in this ex¬ 
pression th< various values 
of L permitted by the CO 
data, permissible value s for 
the sum of the two D 9 
terms can be set down, 
Table II 

Now, all the evidence 
seems to show that 
both D 0 ( CH.-H) and 
Z> 0 ( CH—If) must >£>.( C H) xe 

D 0 ( C II, — H) 4 A>( C 11 H) >160 k/m 


/ 

i/a 

0.( C H,- II) 

+ }>,( til—H) 

> A/m 

IT'* 

ill 

14 * 

1 iBa 

ij6 

1 '22 


100 

74 

l IS 


the most probable ac tual value coming from Voge’s 99 
data and being 170 k/m so that, by this approach, 
the C H 4 data do virtually eliminate tht lowest value 
oi L (74.k/m) Any ot the intermediate values for 
L could be accommodated, the values 125 and 
13b k/a somewhat me>rt readily than that of 141 k/a 
Ihe highest value (170 k/a) is not favoured by these 
considerations but is not excluded 

L H Long and R G W Norrisii 94 - 1 * have 
worked on the problem of evaluating L from data 
on GH 4 using a somewhat diffclent approach 1 hey 
regard the dissociation energy of a given bond t g 
£>,(CH,—TI) as the difference between the ‘bond 
energy * E of the bond in the parent system (here, 
the CH 4 moluule) and the 1 reorganization energy * 
of the resulting syste m (heie, the CH. radical) They 
identify the state of the G atom in CH. as atomic 
C(*£), assume that h{ C—H)u, 4 ~A(C—H) ai> , and 
evaluate L ~ 182 — X k/a, where X is the AH for 

the change C( 9 P)- r C(*.J) a result then 

indicating £=-125 k/a But since the experimental 
evaluation of X as 96 4 k/a 99 * * T and the challenging 
of the two underlying assumptions 19 * 49 the Long- 
Nomsh treatment of the CH. data cannot be accepted 
as final evidence in favour of the 125 k/a value for L 
The CH. data do not therefore offer a clear decision 
on the value of L though the weight of evidence is 
probably m favour of the value L = 136 k/a 
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The C’ k N a moleiul* 

L- 0 5 [£/> # (C .N f ) — (—/J//*)/ # (C t N,) — /) 0 (\ B )] 
whi rr 

LD.(C.N t ) - D 0 (NC—CN) | 2 D 0 ( CN) 

None of th< tfrms nccntar) to evaluatr L by th< 
above expression is known with comph u atcuracv 

(— tht most probablt value 41 is 

7 1 iVm 

Z) 0 (N|) is the subjut of a contioveny outside 
tht scope of this rev it vs Spt < Irosropic evident t 
permits the two alternative values of 7 tv 1 and 
q 76 (v • The position in analogous to that of tht 
q 14 and 11 11 cv values for 7 )„(( O) 

77 „(Nt - C N) Several experimental values have 
bciii rtpoittd for this Urm Using the optical 
estimation of the change oi concentration ol CN 
in CjNi with tempt rature, G B Kistiakowsky and 
H Oi RsiiiNOWii/ 4 dtrivtd the vetv low value 
77 k/in J U Wnnr 41 has given good reasons lot 
rt jit ting this value and advocates the value 
1484 4 k/m with 138 k/m as an independently 
estimated lower limit Kinetic investigation of the 
thermal reaction ol H g and C|N a 44 and the photo- 
polymerization ol C l N l 4i , indicate values of 
127-130 k/m L H Ix>nc 48 derives a value ol 
115 k/m for D 0 fNC—(N) from a value for 
7 ) 0 (CIIi CN) dimed from the long wmlength 
limits of the second region of continuous absorption 
in the acetonitrile spectrum He supports this 
evaluation with similar ireaimt nts for IC N and 
HCN A value (izo 1 8 k/m) has been derived 47 
based on Born -1 Ialicr cycles lor NaC N and K.CN, 
a treatment involving assumptions as to the tivital 
lattice energies and the election affinity of ( N 

TV CN) R Sc iiMin L Gifo and J /implen 48 
h eve succeeded in fixing by a short txtiapolalion the 
convergence limit of CN(/I 7 /) it 7 50 1 ouev 
above v o for the A * 2 ? 4 ground state ([he vibia- 
tional levels in the ground stite also extrapolate to 
this convergence limit) Ihcv suggested that the 
4 V 7 and X*E+ states of CN dissociate to 
C (*/*) I NC*/*), so that lor the dissociation 

cN(v*r 4 )--c rp) + N(*i) 

D 0 ( C N) - J 03 o 

L IT Long 48 has suggested that CN(, 177 ) 
might cbpoeiate to 0 (*P) 4 N( J 77 ), giving 
/)*( CN)Xj|o<)^ A G Gaydon has however 
recently shdwn 8 * 19 that it is much more probable 
that CN(A 8 2 >) and (A*I 1 ) both dissociate dnectly 
to ground state atoms so that D 0 ( C N) = 7 50 cv 
The l&anng of these cyanogen data on the problem of 
JU has been the subject of several discussions 


G Hir/berg* assessed the merits of the various 
expenme ntal values for i) g (NC - C N) by considering 
the relative magnitudes of D t (NC -CN) and 
7 ) 0 ( CN) implied by the experimental ^(NC—CN) 
values on the alternative assumptions of L « 125 or 
I7uk/a, using the lower value oi 7 VN a ) 7 38 cv, 
the value of Z) 0 (Ni) universally accepted it that time 
(1942) He favoured 7 ) # (NC—CN) — 77 k/m and 
/ - 123 k/a, implying D 0 ( C'N) — 3 98 cv, but bis 
aigumcnl is even better met by the hypothesis 
L - 170 k/a and 7 VN,) — 9 7b<v (only available 
since 1944) than by the hypothesis* / — 125 k/a and 
/VN.) = 7 38 tv 

A second ticatmrnl has been given bv the 
picscnt author 8 accepting 77 0 (N( —C N) — 142 k/m, 
Z>„( CN) ~ 7 30 cv and following two lines a com- 
paring the atomu heat e>f formation ol C 
( - 17 /)yj(C t N|), given by the expiession 

/> f (NC-CNH 2 D.( CN)-( 1 //)/J(C |N,)— 400 k/m 
with the four values given by the expression 
- ( W)/;(C ,N.)- 27 4 77 0 (N.) \ (- 1 //)/ 8 (C ,N.) 
using L — 125 or 170 k/a and Z>o(NO — 7 38 cv or 
9 7bev Ol these four values only that Irotn I*— 
170 k/a and ZJ 0 (N t ) « 9 7b ev (497 k/m) falli near 
thr 4()o k/m * cxpeiimental * vxluc 

b By comparing the accepted I) % { NC—GN) and 
/)„( CN) values with the four sets ol values cal¬ 
culated, ratlier roughlv, for these I) terms, fiom the 
bond entigy turns lor C—G and C —N on the four 
differeni possibilities for L and /) # (N,) Herr, too, 
the ic is goexl agreement onlv with the value j nl- 
culated with L -- 170 k/a and 77 g (N,) = 9 76 cv 
1 he possible loophole s m this analyst, are the accep- 
111 re of the White value for 7 ) g (NC—CN) and the 
Gaydon identification of the pioclucls ol the dissocia¬ 
tion of the C N radical at 7 30 ev 

I ong 48 using 7 > g (NC ~(N) — 115 k/m, and com¬ 
bining with data on CO finds 

Dg(CO) — D 0 ( C N) - 0 57 ) 0 (N i ) + 170 k/m 
Using 7 )„( C N) - 3 09 ev, this equation is com¬ 
patible with Z) g (( O) — 9 14 cv (if L = 125 k/a) 
and 7 VN t ) - 7 38 cv The value used here for 
7 VNC - C N) rests ultunately on the long wavelength 
limits value lor Z) g (CHj—CN), and this method ol 
estimating D values is open to objection, while the 
value used for D 0 ( CN) depends on the somewhat 
arbitrary choice of C (•/*) 4 - N(“D) as the dissociation 
products for CN(; 4 J 7 T) 

G CtIcxkler 47 assumingD.l'NC—CN) - 127 k/m 
calculates Z> g ( CN) for L~ 123 and 136k/a and 
Dj^Nt) — 7 38 and 9 76 tv He concludes from the 
TV CN) values that his evidence is in favour of 
7 VN a ) - 9 76 ev and does not discriminate between 
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£ — 125 and 136 k/a for which the calculated 
£> 0 ( C N) valuer 6 02 or 6 49 c v are acceptable to 
him Thr method used in Lhis treatment to lix 
7) # (NC—C N) at 127 k/m is not rigid, while the 
calculated values foi /),( C N) to which the tieatmt nt 
leads are not readily reconciled with thr convergence 
limit at 7 50 ev 

The C iH* mokcule 

7-0 fi[2£>.(t ^/“(C.H^-^odl,)] 

wh< rc 

~D 9 ( H(-CH) i W,[ C-H) 

There arc experimental values of varying accuracy 
for all the quantities used to give L by this cxpiession, 
thus 

(- 1 T/ 0 )/*(C ,H t ) - 64 31 k/m* 

C ombimng this with the values D 0 (H a ) 103 22 k, m 
and TV f—H) — 80 k/m gives 

£- 05 Z) 0 (HC CH) H 55 3 k,a 

7 ),(HC CH) both the heat ol the reaction 

HC “CH-* 1 C—H and the electronic statf ol 

the CH radicals produced arc unceitain Predissoc 1a- 
tion phenomena in the far ultraviolet spectrum of 
acetylene indicate 4 * the value of about 187 
Jor the dissociation to two CH radicals, while the 
v due 190 to 230 k/m has been givtn* B for the activa¬ 
tion energy for this dissociation 1 he n are riiflicultu s 
in assessing D terms lor polyatomic molecules from 
spectral data, and though it has been generally 
Twinned that the observed dissociation is to C H( II) 
the products** may be CHCJ?) 

I he value 187 k/m for T) 0 (HC =C H) can Ik used, 
at best, to give a very tough upper limit of 150 k/a 
for I long and Noinsh** have leviewtd similar 
difficulties in the way ol the rigid interpielation of 
work on the decomposition ofacctvlene in the eltcinc 
discharge* 1- ** 

The HgR, molecules 

Apart from tfie attacks based on dissociation cneigics, 
thermal data lor simple organic molecules have been 
of ust in another way to gain information on £ 

N V Sidcavick and the present author 14 have 
calculated alternative values lor the atomic heat of 
formation of each of the compounds mercury 
dimethyl, mercury diethyl and mercury diphenyl, 
using M Berthfiot*s data* 1 for the heats of com¬ 
bustion, 432, 733 and 1,365 k/m respectively, and 
taking £ — 125 or 170 k/a Analysing the atomic 
heats with the help of the known mean bond energy 
terms for the bonds other than Hg—G, they evaluated 
the mean bond energy term for the Hg—C bond 
£(Hg—C) and found it to be 4 ± 2 k/m if 
£ <= 125 k/a or 16 ± ale/m if £ — 170 k/a They 


point out that, though there is no direct correlation 
between t, given mean bond encig> term and the 
dissociation cncigics for bonds of that typt in poly¬ 
atomic molecules, nevertheless 4 k^ni is an un¬ 
priced* ntcdly low value for a mean bond energy 
term, while 16 k/m, though still very low, is not 
impossible so that these considc rations favour the £ 
value of 170 k/a although in the absence of definite 
information as to the tntrgy conditions in the free 
meth>l radical, the argument cannot be final* 4 
\rtuallv, it seems likely thit Bcrthelot's value for 
the hi at of combustion ot men ury dimethyl, at least, 
is lathi r high, 412 k/m being a mon probable value** 

I his would change the two altimativc values foi 
I iHg—t) dtnvtil from Hg(CH 1 ), data to 11 k/m 
and 23 k/m without changing the argument 

H \ Skinnlr* has pointed out that the 17 / for 
the r< action 

IIg(C Hj) f -Hg +2CH, 

can be evaluated at 52 k/m from the heat of com- 
bunion ol Hijf( Hj) ( 412 k/m, and /) 0 ((H,—H), 
101 k'm, without any assumption as to £ He and 
K Hartlfs* 7 have independent ihi rmoehemical 
evidence, iiom an investigation of the reactions of 
llg(Cllj)i with I, and with Hgl„ indicating that 
the 1/7 turns for the deeomiKisition of Hg((H,) l 
to Hg 1 2 CH, are of the order 50 to 35 k/m 

This appioach emphasizes the qualitative aspect 
of the aigument as to £ given by Sidgwuk and the 
prcsint author and indicates clcaily how it is that a 
rigid solution cannot be obtained from these molc- 
< ults any more then from C H 4 , without information 
as to D.( CH*—H), 7 ; 0 ( C II—H) and D % ( C-H) 

Other ipectroscopu methods —Theoretical treatment 
h is lxc n give n‘* to the short wave fluorescence limits 
ol benztnt ind to thi absorption spectra ol butadiene 
and hixatnene, indicating £ -= 170 -I 10 k/m The 
method has, however, been strongly criticized** 

DIRECT METHODS 

These methods are of great technical difficulty 
because of the very high temperatures needed to 
achieve measurable sublimation of graphite The 
results are difficult to interpret because the gaseous 
carbon produced contains a variable proportion of 
diatomic C, molecules and it has not been rigidly 
proved that in the monatomic vapour the C atoms 
are produced in the % P ground state Several reviews 
of the problems mvolvtd have been given* 0- ** The 
actual investigations have taken the following lines 

/ Equilibrium temperature/pressure measurements 
on graphite* 1 * *• from which values for £ in the 
range 120 to 180 k/a have been derived 

* Private communication 
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j Measurements of the rate of evaporation of 
graphite -1 * 11 to dynamic methods, yielding I 
values in the range 170 to 210 k/a 

j Calculations ol vapour pressure./temperaturt curves 
for monatomic (! vapour -1 on various assumptions 
as to /, followed by comparison of the derived 
pressure at 4,ooo°K with the value of 100 atm 
observed in J Basset’s work -7 * •• on the. tuple 
point orgraphile Evidence in favour of L « ia^k/a 
has be tn adduct d fiom this work 

The dynamic methods are opt n to the objec¬ 
tion* 1 * ••» -1 that owing to the valtnty state of carbon 
ill graphite being related to the fc S atomic state then 
may be a * potential hill ' to be surmounted in th< 
evaporation proctss to C( B P) 

This confused position has recently been much 
clarified by the woik of L Bri wfr, P W Gillen 
and 1 A JrNKiNs -- 1 hey have obtained total vapour 
pressure/tempera turt data for graphite by an equi¬ 
librium method, that of the effusion of gas through 
a small knifc-c dgtd onfict, and have also d< U nmntd 
the partial pressure ol C a gas in cquilibuum with 
graphite by sptctroscopu methods The rtsuits lead 
to the conclusions that / C t (g) in the ground state 
( # 7T) dissociates to (. ( B P) and a 'carbon evaporates 
from the solid as monatomic gas m the ground elec¬ 
tronic state ', and to the following values for the 
cntical AH. terms for the reactions 

- > C ,(•//) (*) All Q 233 1 

C a (g) (■//)- >2 C CP) AH. - 107 7 k/m 

c ***-C VP) AH. 

te L — 170 39 1 0 2 k/a 

Ihcsc findings have been criticized 7# mamly on the 
basis of Basset's determination of the triple point of 
carbon whic h, if L — 170 k/a, must involve a large 
underestimation error m temperature measurement 

L Brewer has met this criticism 71 by pointing 
out that (as mentioned m an earlier paper -1 ) under 
the conditions used by Basset smoke would interfere 
seriously with the optical pyrometry and would lead 
to temperatuie recordings far below reality 

SUMM 

Prom the rather conflicting mass of evidence con¬ 
sidered above it appears that no single evaluation 
of L has yet been made which is acceptable to all 
workers m the field The final choice is still to be 
made from among the four possible values, 1704, 
141 2, 136 1 and 1950 k/a It is, however, perhaps 
permissible to give some assessment of the apparent 
relative probabilities of these three values These 
seem to the reviewer to be as follows 


prob (1704) > prob (136 1) > prob (141 a) 

> prob (125 o) 

It is seen that L 170 4 k/a is readily accom¬ 
modated by the speed al data on the lowc r electronic 
states ol CO and on C ,N, and is given by the latest 
direct estimation 1 his value is supported by the 
data iiom organo-mticury compounds It is not 
supported but is not excluded by the incomplete 
( H 4 data at present available The value is opposed 
by the election impact data, and to a lesser extent 
by the spectial work on the F l Il slatt of CO 

L — 141 1 k/a and / - 136 1 k/a m ither value 
seems to Lm very readily assimilated into the CO 
spectnl data derived from the X l £* and a'*E + 
states though both are supported by woik oi^ the 
1*11 state They an also supported by the election 
impac t work f the 1 3O 1 k/a value mote sliongly) and 
can be readily actommodUed but are not strongly 
favoured by the CH 4 data I he support derived lor 
them from the t a N a data seems rather weak No 
evidence for these values has yet come from direct 
detei ruinations 

L— 1250 k/a is the mute stuou" nval to the 
1704 value from the investigation of the lower 
electronic bonds of the CO spectrum The weight 
ol evidence seems against it cvrn there, however 
rhe GO(F'i 7 ) investigation opposes this value, so 
do the electron impact work and the data from 
organo-mercury compounds Thr value ran be 
accommodate d by the CH 4 data but docs not derive 
c ondusivc support from them I*he support derived 
for it from C a N a data does not seem very strong, 
while that derived from direct estimations has lately 
been convincingly attacked 

Among the points needing further investigation 
are / the higher vibrational levels of CO (X l U *■) , 
2 all stages, after the first, in the stepwise dissociation 
of CH 4 , 3 the dissociation of C a N a to CN radicals 

Since the above review was prepared (May 1940) a 
new attaek has been made 7- * 7B on evaluation of the 
energy of the C atom in its valence slate (the hy bndized 
sp* derived from the atomic l S) l rom C H and C a data 
a case u made for setting the valence state energy 
for C — 1 73 ev, this combined with CO and C,N a 
data yields Z> 0 (GO) — 9 77 ev and L — 140 k/a 
Although, as recognized by the original authors 7- , 
certain new postulates are involved in the treatment 
which cannot be finally accepted until further 
cheeking is possible, nevertheless this work adds 
considerable weight to the Hagstrum-Gaydon view 
that the predissQCiation at 11 11 ev in CO(a /- i?+) 
is due to dissociation to C( l D) and 0(*P) giving 
D*(CO) * 9 61 or 9 85 cv and L = 136 or 141 k/a 


266 


H d spring all Heat of Atomization of Carbon 


Research 3-6 


NOTE ADDED IN PROOt 

L\en more recently, C A McDowell and J W 
Warrfn 74 have subjected methane to an mltnsivc 
electron impact investigation and have measuied, 
with greater accuracy than herctofort, the appearance 
potentials of the following ions, CH’lj, ( Hj, CH^ 
C H 1 and G 1 By making reasonable assumptions 
concerning ionization potentials they pssign upper 
limits to J) % ( C’H j - H) and D e ( C H— H) and con¬ 
clude that / cannot possibly be > 140 k/a 

Ml this mote recent work bceim to favour the lower 
values lor L , as opposed to the 170 4 k/a value, and 
the 136 t k/a value appears to hold tht field at the 
monunt (April 1950) The acceptance of this value 
for L implies, howcvci, the abandonment of the 
non-e rowing rule and demands a satisiactory alter¬ 
native interpretation of the work of Brewer et alii 44 

The reviewer wishes to acknowledge very helpful dis¬ 
cussions with Professors N V Stdgwick, b R S, and Af 
Polanyt , F RS , Dts H A Skinner and L H Lorn* 
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Sound Writing and Reading 

C J OVLRBLCK, AB, MA, PhD 
Department of Physics, Northwestern University, Evanstoi, Illinois 


Man has always been interested in Uansmitting 
his ixfxlienees and expressing his wants to othtrs 
He has not only devised for this purpose a spoken 
language but also seta ol symbols which preserved 
and conveyed these messages The early stages of 
picture writing lid eventually to acet pted symbols of 
written and printed commumration in which these 
symbols no longer pictured either the rerorded event 
or any asscxiated factors 

( onsideiable thought has been given in rerent years 
towards the development ot methods involving a 
ieversion to some system of recording speech in 
which the visible symbols are not arbitrarily selected 
but produced by the sound waves themselves I he 
sound track of motion picture film is of this type hut 
it can be reconverted to speech sounds only bv the 
use of proper scanning devices operating through 
clcctncal circuits It is not possible to 4 nad 1 such 
sound tracks in a visual examination It has been 
the primary goal ol lecent researrh to produce 
permanent or semi-permanent visible speech traces 
in such form that they may be read by the viewci at 
the iate ot spec eh This is sound writing and reading 

Hie sill-production of sound traces forms a 
relatively old held of study but the reading of the 
patterns is a recent and especially significant devclop- 
ment I he phonautograph, perfected nearly a 
century ago by L Scott 1 , had a stylus attached to a 
membrane which recorded the vibrations produced 
by the sound impinging on it as a visible trace on 
moving smoked paper Tifty years later D C 
Muter 1 substituted a tiny mirror and a beam of 
light for the stylus to produce the phonodcik I Jus 
reduced the inertia of the system and the wave 
recorded on moving photographic him came some¬ 
what closer to the original sound wavt form 1 ven 
with the increased sensitivity only the major fluctua¬ 
tions appeared and emphasis was given to the low 
frequency components of long duration 

Wc an here concerned with the possibility of 
reading the sound traces of spoken words back into 
speech I his study is supported by several stimuli 
I irst, the wave pattern of speech is its visible record 
and furnishes a possible new avenue for communica¬ 
tion with the deaf rhe visible sound wave pattern, 
which includes the contribution of all the vibrating 
elements involved m speech and is similar to the 
energy producing hearing, should be an even more 
appropriate means than lip reading of transferring 
intelligence The second stimulus for study lies in 


the fart that the form of the pattern shows visibly 
the variations in speech between individuals, and 
may serve as a help in correetive speech or music 
training 1 hirdly, it is a universal phonetic pattern 
for the sound in whu h the characters always represent 
the same sound irre spec live of the reader 

The sound trace produced by the phonodeik 
appe irs complicate d With the introduction of the 
oHLilloscopc, which reveals far greater detail, the 
complexity of speech sounds becomes even more 
apparent Various types of analysers have bt^n 
applied to unravel these sound patterns The 
analysis consists essentially of breaking the particular 
sound into its component frequencies and expressing 
quantitatively their separate intensities, damping 
and duration Until tecrnlly this has been a most 
laborious process, so difficult that only short bits of 
the simplest speech sounds, the extended vowel, 
could be successfully handled 

1 he spectra of sue h sounds are of the gc m ral form 
illustrated in Figure i 1 his is ten the sound o in Joe 
in which the abscissa is frequency and the ordinate 
gives nWtive amplitude of each included frequenev 
The analysis 1 for each of the ten spectra covers a 
time of speech of approximately tine seventeenth of 
the one tenth second re quire d for this sound in speech 
The number on the left of the diagram locates the 
spectrum in the time sequence of the complete sound 
1 he rapid variations in the component frequencies 
and also the two (or three) prominent regions in the 
neighbourhood of 400, 1,300 and 3,000 vibrations per 
second should be noted I best intensity * hills * of 
the vowel sounds will be referred to latrr 

One may readily imagine from this analysis the 
intricate pattern associated with a sentence of speech 
The solid model in the lower portion of Figure 1 is 
constructed from 200 oscilloscope traces for the words 
rtsual telephony for the deaf These Jex) overlapping 
frequency band oscillograms were cut out in profile 
and stacked side by side In this model time ad- 
vinres to the nght and the amplitude contribution 
ol each frequency band is elevation in the rough 
topography of the model Such a spectrum may be 
compared to x light spectrum in which the chemical 
composition of the source undergoes a continuous 
change 

PRODUCTION OF ORAL SOUNDS 

The complexity of speech sounds is evident when we 
consider, even briefly, the sources and the modulating 
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Figure r Analysis of mct\su>4 periods of 1 o' 
M 1 Jot ’ {ifter J ( Steinberg*) 


forces which operate to produce them The com¬ 
pressed air in the lungs is released in a st nts ol starts 
and stops, pauses in the flow of speech These pauses 
arc produced by the must les of respiration, and the 
oral cavity closures, vocal bands, tongue, teeth and 
lips The pauses occur at a relatively slow rate and 
are inherent factors of syllabic spee eh 1 he suddt n 
starting and stopping of the air stream may be 
particularly noticed !h such whispered or spoken 


words as put in whic h the initial and funl sounds are 
sudden releases of air These may be either stai ts or 
stops and arc designated as plosive sounds 

Lndir projxr tension ol the \otal bands the air 
flow bdwun them may set up vibrations to tender 
the air stream audible lhis gives rise to voiced 
sounds of a general haimonic senes particularly in 
the sustauu d vowel sounds I he reader will note this 
harmonic content as he experiments on those sounds 
He will also note that the basic pattern vanes in pitch 
for the several vowels 

1 01 many pai ts of spe c t h the air stream is forced to 
flow through constrictions produced by parts of the 
oral cavity Iiy the word su and locate the source 
of the initial sound Under this frirlion condition the 
flow becomes tuibulcnt, eddy whirls fotm, and the 
stieam is modulated bv a host of inharmonic com¬ 
ponents such as those charac ten/ed by hiss sounds 
111 gr n< ral 

The frequency components, whatever their source, 
supeiimposed on the breath stream arc themselves 
modulated by resonance in the 01 al cavities lhu is 
tilled cavity modulation Since the cavity form is 
c onimuously c hanging in speech by movement of the 
aiticuhtors teeth tongue etc a continuous change 
of freque ni y modulation takes place 

The sound pattern of Figure 2 for the words visual 
t eh phony for the diaf is so complicated that reading 
the woids hidden in its detail appears impossible It 
must be remembered, however, that this is only a 
visual presentation ol the same energy which falling 
upon the ear is translated with the speed of speech 
\Vc follow also, without too great difficulty, different 
dialects which introduce variation in tonal com¬ 
ponents, pronunciation, inflection etc Likewise, 
studies show that spoken speech may be satisfactorily 
followed under conditions when only seventy five 
per cent of the syllables arc correctly heard It 
therefore appears that our oral interpretation of 
speech depends only on certain major details ol the 
speech track T vidently the balance lends some case 
ol understanding but, primarily, audible attractive¬ 
ness or the lack of it do not detract 

What arc these essential elements which we may 
assume also as necessary in visible speech reading? 
How can they be best portrayed ■* \ large number 
of studies have been made to find answers to these 
questions One of the most active centres in the 
United States is at the Bell Telephone Laboratory 
where these problems have been under review for a 
score of ye ars A senes of articles 4 from this labora¬ 
tory and elsewhere has been published 1 

These re ports show that visual reading of speech 
sound tracks u possible when the major frequency 
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Figure 2 A solid model built up of oscillograms for boo overlapping frequency 
bandi the words are ' visual telephony Jot the deqf 1 fhe two models differ 
in the amount of amplitude compression (after W Koenig et alti *) 


mtrnsity changes only arc presented A sample 
oi such trac k is shown in the top portion ot Figure 2 
in which the minor changes have been compressed 
Individuals with hearing, but not sp<clhcally selected 
for extraordinary ability, can learn to lead a form of 
such simplified pattern for a vocabulary of a lew 
thousand woida at the rate of slow speech after a 
training period of three hours per day for six or 
seven weeks In the same time a congenitally deaf 
man learned to read a vocabulary of 500 of the most 
commonly used words 

SOUND TRANSLATORS 

Seilid models ot speech sound tiacks would not be 
practical An advancement in this work was made 
with the intioductum of the magnetic sound spectro¬ 
graph 1 shown st hematic ally in Figure 3 I hu 
apparatus produces a two 
dimensional picture of the 
sound field with intensity as 
shades of grey or black Heic 
the sound to be analysed is 
recorded on the loop of mag¬ 
netic tape After recording, 
the reproducing eh ment picks 
up the record and sends it to 
a frequency analyser set to 
transmit only a given fre¬ 
quency I he contribution 
at this frequency is recorded 
on a single turn of the chart 
drum and corresponds to one 
trac c of the hills of the model 
On the next revolution of 
both tape and drum the 
analyser is set to transmit a 


slightly higher frequent y to 
record its contribution as vari¬ 
able regions of blackness next to 
the first trace The process is 
lepeatcd for the full frequent y 
range giving a pattern m which 
the topography has its hill cnst* 
in black shading to white in the 
valley or silent regions This 
is a form of representation 
which is readable and indicates 
that it is worth while to con¬ 
tinue effort in this field which 
is now called Visible Speech, 
for its practical value alone 
A full description of the tech¬ 
nical details, circuits etc of the 
spectrograph and the transla¬ 
tor*, to be dtsenbed later, nmy 
be found in the rcfei cncc articles 
1 he dc sired goal of visible spec c h is not achieved 
if the pattern must first be slowly set up m reading 
form A transcriber must be perfected capable of 
pioducing the pattern of these major elements of 
spccc h immediately as they are spoken Two 
methods appe ar possible First, there may be a whole 
battery of analysers simultaneously in operation, 
each taking care of its frequent y portion of the com¬ 
posite trac k Secondly, there may be some extre mrly 
rapid scanning drvue by which the track can be 
repeatedly covered in a time inti rval whic h is short 
compared to the fluctuations of the important speech 
elements Difficulties are foreseen in either method 
when the range of frequencies in speech and its rapid 
flue tuations are taken into consideration 

Recent investigations show that freque ncy differen¬ 
tiation, however, need not be sharp for the pattern 


focordmgpaper 
on drum 



Figure 3 Schematic representation of the baste method of the sound spectrograph 
(qfierW Kaemg stain*) 
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I —Voice bar for B 
1 —Stopgap for B 



Future 4 Spectrogram of the words 4 be up at five' {after J ( Stembtrn and N R French*) 


to be readable \ record cxpri nst d as the contribu¬ 
tions of as lew as twelve contiguous frequency bands 
of 300 c/s eath extending to 3,600 vib/sec gives 
sufficient detail This means that only a dozen 
fiequency band analysers nerd be available to pro¬ 
duce the continuous visible track as the words arc 
spoken 

Figuri 4 represents a typical pattern produced by 
one of the more recently designed translators meeting 
these specifications It is visible speech for the words 
be up at five 7 The abscissa is time and the oidinate 
shows the contributions of energy in the several 
frequency bands, with the low frequencies at the 
bottom inc rcasing to the 3,300 to 3 boo vib/se < band 
at the top The blank spaces or stop gaps for the 
sounds b , p and t are produced by closures made in 
speaking the stop consonants The bar on the baseline 
of the stop gap for b shows that the sound is voiced 
lhe plosive releases appear as narrow mcgularly 
striated regions extending the length of the veitical 
dimension The broad dark bands or bars indicate 
vocal resonances They curve lrom the lesonances 
characteristic of one sound to those characteristic of 
a following sound Here is a sound alphabet which 
all readers translate essentially into the same sounds, 
even though it be an unknown language This track 
will be examined later 

Several types of continuous analysers were con¬ 
structed ten or more years ago to locate the pro¬ 
minent frequency regions in sounds These have 
followed both the principle of rapid scanning and 
of a set of fixed frequency band analysers in continuous 
operation Each, however, was so decidedly limited 
in the completeness gf operation as to be totally in¬ 


adequate to fill the present need Two recently 
cunbtimted devices represent a closer approach and 
will be discnbed 

The phosphor bth translator 1 * shown in the block 
cucuit ol Figure 5 ib of simple construction The 
speech sounds are passed into a set of 12 band 
pass filli n Each of these fillers transmits the energy 
of its selected band of frequencies having a width of 
about 300 vib/scc and centred 300 vibrations apait 
Tins co\ers the rmgc to 3,600 vib/ste I arh filter is 
attached, through an appropriate circuit, to an 
individual grain-of-whcat lamp placed just above a 
phosphor coated belt The lowest frequency filter 
energy cxeiles the bottom lamp and, if of sufficient 
intensity, impresses a light track on the belt The 
other fillers, of increasing frequency range, act on 
thur lamps placed m order so that the top lamp xs 
excited by the highest frequency components of the 
sound The belt moves slowly across the field of 
view carrying the phosphorescent pattern produced 
by the flashing light of the lamps The decay time 
of the image allows a number of words to be visible 
at one time These are replaced by the new sound 
pattern as that portion of the belt starts on its next 
circuit 

The cathode ray translator* of Figure 6 is a more 
complicated unit It uses a revolving cathode ray 
tube as a scree n The sound is again passed mto a 
set of twelve band pass filters covering the requited 
range These band outputs are impressed in turn on 
the intensity control grid of the cathode ray tube as 
the beam sweeps vertically across the field On each 
trip the low frequency pass filler excites the beam on 
the bottom end of the swing, the highest frequency 
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Automatic B«»nd Channel 


Micro- volume pass impli 

fihone conlrol fillers fiers 



speech These arc associated with their mode of 
production and sent as guides in translation The 
training, there lore, involves a study of the patterns 
correlating them into groups associated with their 
common mechanism oi formation The learner is 
thus not left completely ignoiant of the probable 
visible speech pattern of a still unseen word 

1NTERPRETA I ION OT VISIDI F 
SPEECH PATTERNS 

This review must be ustneted to a consideration of 
only a lew of the major features which show the 
general ideas invoked 1 * These art set out individu¬ 
ally m bigurt J which is included so that the reader 
may localize each type and note also the variations 


/ iqure j Block circuit of the phosphor belt 
translator ( 1 after 11 Dudley and O 0 Grueir ~Jr*) 

the top and thL others likrwise at their selected 
positions I he tube is rotated slowly on a vertical 
axis so that each trip oi the beam traces its pattern 
beside the pieccding one Since the serein letains 
the image for about two seconds the pattern can again 
be scanned ill word units 

What arc some ol the associated pattims for the 
essential speech characters in this method of pre¬ 
sentation which must lx learned by the person 
wishing to read them 7 As stated tarlur, certain 
unique charactinstics classify common groups ol 
sounds and form krys which make it unnecessary to 
memonze the innumerable possible patterns of 

land low pm 

pm Rich flltirs 
filttri fieri W~ 


Irom these patterns as the sounds merge from one 
syllable into the next in the pattern ot the track 
shown enrlit r ior the words be up at fue 

Voice bar —This is a low frequency component 
rharac teristic of those sounds in whieh the vocal 
band vibiaiion is modified by a closed cavity It is 
the initial voiced sound of the h in the word be % 
J tgute j, and is here followed by the sudden opening 
ol lips to produce a plosive release 

Risonanu bar \— The vowel sound $ of be is pro¬ 
duced by vocal band eetion in an open rawly and 
shows as a charac tcrisUc set of rcsonanc c bars Sue h 
energy lulls are evident in the analysis shown in 
Figure / I ach vowel lias its own bar numbet and 
position, but in general the bars change progressively 

from the front to the 
back vowel sounds 
rhere is a shift in 



the prominent fre¬ 
quency regions for 
these ban as the 
sounds proceed to 
the beginning of the 
next word This is 
even more evident 
in the comparison of 
« and the a following 
They emphasize 
harmonics at differ¬ 
ent parts of the 
frequency scale 

Stop gap — In pro¬ 
nouncing the word 
at the reader will 
note a silent phase 
in the centre of this 
spoken word, seen 
also in the pattern 


Figure € Schematic qf cathode ray translator (qfler R R Rusz and L Schott *) 


Here the air stream 
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Description voice bar 
Urmvwloty 

vocal cord 

Modulation closed cavity 


resonance bar 

vocal i o\d 
open cavity 


Jill 

J rational 


voiced Jill stop nap-glottal stop gap spike voiced stop gafu 

spike pll 'pike pll 

vocal cord stops tat t stop-start vocal cord 

partially closed Jrutional stop-start 

cavity J rational closed canty 

frictional 


is stopped momenta] Uv, followed by a sudden fric- 
tioivd release ol air This release for the t sound 
mtioduccs tlie entire gamut ol frequencies to piodurc 
the vertical spike showing contnbutions fiom all the 
freque ney band anal>scrs 

hnctional fill and voiced fill — The / and v sounds of 
the word five aie also largely or partially lnctional 
lhe fiist pait/in jne is unvoiced The air stream 
blown through the constnatd lips gives a sustained 
inharmonic of a large range of frequencies Not all 
sounds ol this type, however, emphasize the tntire 
band, nor are they produced in the same wav, as is 
shown by the whispered woid* ht and she It 


will be rc cognized that the hrst is stiongcr in the 
lower frequency region and would thus product a 
till m the bottom area of the pattern The last 
portion ol the sound five is a composite of voiced and 
friction sounds The pattern of the vocal band vibia- 
lion has been modified by a partially constricted 
oral ravity hindering the flow ol the air stream 

We recognize differences in the speech of indivi¬ 
duals saying the same sentence To what extent 
does this modify thr visible speech pattern ? figure 8 
shows the variations and the similarities in the pattern 
of the same words ue ate hete as spoken by lour 
individuals of diffeient phonetic treaUnent It is 



Figure 8 Illustration qf sectional speech similarities and differences (qfter G A Kopp and H C Green 1 *) 
a We are here (General American) b We are fare (English) 

c W*-are here (Eastern) • d We are here ( Southern ) 
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probably evidmt that these four speech tracks do 
not vary to any grt a ter t xtent than the hand wriung 
of the four individuals might vary and still be 
readable It is 111U resting to attempt to pick out the 
approximate division lines for these words we are 
here in the pattern Where would you locate the 
beginning sound ol the third word ? The reader may 
wish to learn more 11 about this new fkld than u 
possible from this short and somewhat oversimplified 
version 

1U11IRF IJFVELOPMENT 

It is uncertain to what extent this field of sound 
writing and reading may devt lop It is still in its 
growing stage and th< re is a possibility that a better 
means of portraying the pattern for easy reading may 
be devised Vai ious ale is are being extended 11 One 
of the present projects is concerned with a means of 
showing more vividly the intensity changes 111 speech 
A foim of colour presentation is receiving attention 
Other investigators air working on the essential pileh 
changes which occur in speech and on a method of 
recording them Some type of contour pattern may 
be the answer The journals of acoustics carry many 
papers in this fic Id 

There is a definite need for this development and 
the initial tests show that the possibility of supplying 
the want is good Lngineenng skill and the new tools 
of science may eventually perfect portable translators 
within reach of the consumer^ purse This has not 
been achieved, but it is the most hopeful new avenue 
for communication with individuals of extreme 
hearing lout 


A vivid imagination may even suggest to the 
leader the possibility that some day our pnnted 
material may be directly sound transcribed into a 
universal form of sound writing and reading 

The unter expresses his thanks to the authors of the 
diagrams in this paper , to the Bell Telephone Company and 
to the Journal qf the Acoustical Society of America for per - 
mission to use illustrations 
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Laboratories of the Carlsberg Foundation 

H HOLIER, Dr Phil 
Head of Cylochcmical Department 


carisderq LABORATORY but the rules of the institution are elastic enough to 

Tin- C arlibi rg fihoratory was founded in 1875 by the establishment of more or less temporary 

the Danish brewer J C ]acobskn, and its support is sub-departments dedicated to the pursuit of a more 
one of thr various scientific activities of the CUrhberg lmc of w ° rk * »uch as yeast physiology and 

Foundation Financially these activities aie based on cytochemistry 

the income ol the Carlsberg Breweries which after The Carlsberg laboratory, although independent 
the death ol the founder (1887) became the property tf^e government and not connected with theumver- 

of the foundation, and which have since been ad- , lty or other educational institutions, accommodates 

ministered by a purely scientific board of directors, many visiting scientists, both from Denmark and 

elected by the Danish Academy of Science abroad, who toroe to ^ traced in one or another 

The two original departments of chemistry and of the research techniques the development of which 

physiology still form the backbone of the Laboratory, has been a speciality of the laboratory ever since 

274 






H holter Laboratories of the Carlsberg foundation 


Reseank 3-6 


J Kjlldahl in 1878 created hu famous method for 
the determination of mtrogen 

Chemistry and biochemistry —The activities of lhe 
chemical department under its present director, 
K Linders trow-Lang (director since 1938), die in 
many respects related to the work ol his predecessors, 

J Kjeidahl and S P L Sorensen, who were both 
interesttd in the chemistry of proteins and of enzymes 

One of the problems studied in the chemical 
department is the mechanism of the initial phase in 
the enzymatic breakdown of proteins, and ib» rc lation 
to the process of dcnatuiaiion I he question is 
whether piotems arc attacked by the same enzymes 
that are able to split peptide bonds in simpler peptide 
chains This seemingly simple question may well be 
complicated by the possibility that the tiue splitting 
ot peptide bonds is preceded by the dcnaluiatum ot 
the protein These piobluns are being studied by 
means of a close investigation ol the tryptic breakdown 
ol P*lactoglobulin, a crystalline piotein which is the 
subject of numerous earlier publications fiom the 
department 

Ol tile vaiious techniques utilized in these studies 
one should be mentioned, namely the dilalomctuc 
determination 1 of the contraction which accom¬ 
panies the enzymatic breakdown ol proteins This 
contraction is abnormally large during the initial 
stages of the trypuc breakdown ol lac toglobulin 
This is interpreted as pertaining to a drnaturation 
process that pre cedes the true proteolytic action and 
which is likewise catalysed by the enzyme 1 Similar 
volume effects are observed in other, but not in all, 
protein-substrate systems, and mtc resting conclusions 
may be diawn rrgaiding both the mechanism of 
proteolysis and the structural patte rn of the proteins 
concerned • 

Another problem being investigated is the forma¬ 
tion of a new crystalline protein, plakalbumin, from 
ovalbumin 4 , by a reaction catalysed by an enzyme 
from Bacillus subtihs The nature of this process and 
the composition of the products (simple peptides) 
are being investigated, using among other techniques 
an osmometer measuring the osmotic pressure of 
protein solutions with an arc uracy ol one to two per 
cent* 

Various other problems pertaining more or less 
closely to protein chemistry which are being in¬ 
vestigated include the possible role of certain phos¬ 
phoric acid derivatives in the synthesis ol peptide 
bonds*, the reaction of carbon disulphide with ammo 
acids, peptides and proteins 7 , the breakdown of 
ribonucleic acid by nbonuclease*, the peptidase 
activity of human serttm and of haemdlysate* 


Histochemistry — In the thirucs, in collaboration 
with K Lindlrm rom-Lanc , the author initiated a 
senes of investigations on the subject oi enzymatic 
histochemistry The immediate aim was the quan¬ 
titative determination ol tissue enzymes on a very 
small scale, so that the samples investigated could 
still be subjected to a quantitative histological analysis, 
in ordc r to permit a topogiaplucal survey of enzyme 
distribution 

In the development of the micromethods which 
were indispensable for this puipose a common 
principle was followed, which was to reduce volumes 
and amounts rathei than to attain the necessary 
reduction of quantities by very high dilutions and 
by the employment ol very specific and sensitive 
reactions Ihus the basis ol the methods (reviewed 
by 1 ) Luck 1 *) is a system ol nncropiptttcs and 
murobureUes adapted to working with mierohties 
instead oi millilitres ol icagcnls, substiates etc 
Various hydiolytu enzymes an thu** determined by 
mean** ol suitable tilruurlric methods on a nuerobtre 
scale 

1 or the determination ol respiratory enzymes 
another tool has been devised, the Cartesian diver 
mioorcspiromctcr 11 It is based on the pnnciple 
that any c hange in the amount of gas in the diver 
tequirts a change in the pressure necessary to keep 
the diver floating A pressure reading with an 
arcuiacy ol 1 mm ol water will measure the amount 
of gas m the diver with an accuracy ol 1 x l «“■ [ll 
1 he C aitcsian diver has be t n used lor me isuremc nts 
oi respnation and respiratory enzymes in various 
objects and also lor numerous other analytical 
applications e q the determination of cholin¬ 
esterase, aneurine, cystine etc i% 

Another principle that was adapted to histo- 
ch< nnral put poses is that of dilalometry, t ompnsing 
basically a tube containing a density gradient in a 
non-aqueous medium in which a small drop oi less 
than one microhtre oi aqueous reaction mixture is 
suspended Changes in volume of the drop due to 
certain chemical reactions cause a displacement to 
a nc w It vel ol density equilibrium Since the position 
of the drop ran be measuied with an accuracy corre¬ 
sponding to 1 X 1 or* in the density determination, 
this is a very sensitive method of measuring reaction 
rates in exceedingly small samples It has been used 
for the determination of peptidase activity and, 
naturally, for many measuremc nts of specific gravity, 
including the determination of heavy water 1 * 

The histological samples investigated by the 
various methods here described are microtome slices 
cut from frozen tissues Such sbees were used both 
for the measurement of enzyme content and for 
histological control 
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These tcihniqurs have been applied to studies 14 on 
the distribuUon oi proteolytic enzymes, lipase, 
cholinesterase and urease in the glands ol the stomach 
mucosa, and to the study of the distribution ot 
amylase and pt pudase in the tissues oi sprouting malt 

Cytochenmh * — The histochermcal studies described 
above naturally led to woik on a cytochcmical scale, 
where one was no longer primarily concerned with 
the enzymatic constitution oi tissues, but rather with 
that of the cell itself it with the various constituents 
of cytoplasm This expanding line ol research ltd 
in 1943 to the establishment oi a sub-department oi 
rytochcmisliy under H Holter 

The work of this dcpaitment is essentially based 
on the same methods as the histothtmical investi¬ 
gations, the only difhrtncc being that the objects 
investigated an still smaller anel that some oi the 
methods therefore had to be made still more sensitive 
This requirement led to the dcvrlnpmint, by f 
Zeutiifn 13 , of a o 1 pi diver with a sensitivity oi 
1 10“*pi Another development of the Caitesian 

divti punciple 1 * is the diver bilancc which permits 
the determination of the mass of biological ohjccts 
with an aceuiacy of 1 ✓ io~ “pg Ihe great tech¬ 
nical pi ogress of recent years with regard to spectro¬ 
photometry and photoelectric colorimetry has also 
made possible the development of some micro- 
colorimetnc methods whirh allow the measure me nt 
uf extinction in pi samples 17 

lhe main objects ol the studies on die chemistiy 
and physiology of the cell using these techniques arc 
amoebae and egg tells of aquatic organisms Often 
the cell constituents are arranged in layers aecording 
to their specific gravity by means of Hvrvfy’s 
microscope centrifuge which permits the optical 
contiol of the fell during centrifugation When the 
desired degree of strati fie ation has been reached, the 
cytoplasmic layers are separated by means of micro- 
needles lhe eii 7 yme conltnt, respiratory activity 
etc of the cell fragments are then determined and 
compared with the relative amounts of cytoplasmic 
constituents 

One of the fundamental difficulties in this type of 
work is to find suitable magnitudes of reference It 
is usually fan ly £asy to del* rminc the total respiration 
or the total content of some enzyme in a given cell 
or cell fragment, but that dots not mean much unless 
it can be expressed as acLivity per weight or volume 
or nitrogen content etc SomrUracs this difficulty 
can be overcome by countuig the number of objects 
like cells, nuclei, or food vacuoles, but often some 
direct means of measurement u indispensable and 
to meet this need methods like the diver balance, a 
colorimetric volume determination, or a nitrogen 
determination on a to" 1 pg scale, had to be devised 


The problems studied in this way include cyto¬ 
plasmic and metabolic changes during starvation of 
amoebae 18 , distribution ol proteinase, peptidase and 
amylase in amoeba rytoplasm 11 , studies on the 
supposed metabolic gradient of crhinodcrm aid 
asridian eggs a , oxygen uptake dunng mitosis"*, 
peptidase content of lymphocytes 24 , and digestion 
of food in amoebae, studied by means of radioactive 
carbon- 1 

Plant physiology — An independent line of investi¬ 
gation is pursued by C Oisen in his work on the 
mineral pi ml nutnents and especially on the uptake 
and exchange oi tons by the highci green plants 
He lias leccntly shown (unpublished) that, contrary 
to rurrent opinion, the uptake of ions like Ca, Mg, 
nitrate phosphate and sulphate is within wide limits 
independent o( the concentration oi the icspcetive 
salts in the culture solution In other words, the 
limiting factor tor the rate of uptake is the active 
expenditure of cneigy by the plant The putuic is 
sometimes compile tied by the phenomenon of 1011 
antagonism, but even then the molai sum ol cations 
or anions taken up is independent oi concentration 
Lather studies from lecent years include seasonal 
changes in mineral and othei nutnents contained in 
beech leaves, the manner oi fixation ot potassium in 
beech leal cytoplasm, and problems of calcium uptake 
in plants growing on calcareous soil- 4 

Phwtokgy —Since 1933 the physiological depart¬ 
ment has been directed by the geneticist 0 Wince, 
who onre more made yeast the main object oi the 
department's activities 

Ihe first and probably the most important step 
in the recent sequence of yeast studies was the dis¬ 
covery in 1935 of a regular alternation between a 
liaplophasc and a diplophase in the life cycle of 
yeast 3 1 his discovery not only established the 

existence oi alternating gcnciations, just as in other 
plants, but it also opened up the possibility oi 
demonstrating 111 yeast the same gtnolle phenomena 
that have been demonstrated m higher plants and 
animals Lspeeially significant in this respect was 
the cbscovety / that even a culture originating from 
a single cell can be segregated in different type* ll 
the spores from an ascus are isolated by means of a 
micromampulalur and are cultivated separately and 
2 that hybrids can be obtained by inducing two 
haploid spores from different yeasts to copulate and 
thus form a diploid zygote from which the hybrid 
yeast develops 1 * 1 his is accomplished by placing 
the two spores together in a very small droplet in a 
sterile operation chamber Besides giving access to 
more detailed genetic studies, this method opened 
the way for practical improvement of yeasts by the 
well established methods of plant breeding, namely, 
hybridization and subsequent selection 
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To these tools was added the evaluation of the 
macroscopic appearance of giant colonies growing on 
a solid wort gelatin surface Each culture is charac¬ 
teristic of the individual bio type, showing a structure 
which tan be interpreted as the expression of a 
primitive organization, Figure 1 

The giant cultuics shown m Figure 1 are very valuable 
in the demonstration and identification of hybrids, but 
still more >0 for the study of mutations This u clearly 
demonstrated by the schematical Figure a 

1 he mutants shown in Figure a which have arisen during 
the growth of the giant culture form sectors the shapes 
of which are determined by the capacity of the mutants 
to compete with the mother type Sectors a and b repre¬ 


sent mutants which were incapable of competition, and 
were therefore suppreaed during the grow th of the giant 
colony Mutant $ has been able to assert itself better, 
still, its convex border lines testify to its inferiority 
Mutant c appears to be more vigorous , its demarcation 
from the mother type is represented by straight lines 
Mutant d shows a still more vigorous growth , it not 
only increases in width at the expense of the mother type, 
so that the border lines have become concave, but at the 
margin of the colony it even projects on account of lti 
more rapid growth Mutant / has arisen later than the 
others, which have been present in the inoculate or 
appeared shortly after the inoculation , judging from the 
lurm of the sector it seenu to be a type capable of 
competition 

On the bas<s of thcj»e methods and discoveries a 
series of investigations on the 
genetics and physiology oi 
various yeasts has been and is 
being < onductcd Problems 
of segregation and mutation 
have been studied -7 with the 
1 esul t that the vaccharomycetcs 
must be regard'd as very labile 
organisms , so far every cul¬ 
ture examined has shown 
numerous mutations on stand¬ 
ing for some months or 
years Tins presents practical 
difficulties in investigations 
which involve protracted ex¬ 
periments, as only short time 
expenmen U offer a fair rhance 
that inuiauons will not take 
place duiing the experiment 
itself 

Special interest attaches to 
the recent investigation*" of 
the inheritance of enzymatic 
1 haracters in yeasts, and the 
phenomenon of enzymatic 
adaptation which plays such 
an important role m the 
practice of microbiology 
Closely connected with the 
adaptation problem is the 
study of cytoplasmic mheri- 
tance* 1 since this hypothesis 
has been used to explain some 
of the adaptation phenomena 
In the field of yeast physiology 
there ought to be mentioned 
a senes of papers on the 
growth action of pantothenic 
acid, p-alanine* and their 
antagonists* 9 , and on the 
anti-vitamm effect of sul- 
phamlamide and related 
substances 11 . 
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Figure 2 Different 
types of mutant sec¬ 
tors in yeast colomei1 


Other recent studies include 
an investigation on artificial 
hybrids between salmon and 
trout 11 , and cytogenetical 
studies on the taxonomy and 
evolution of Frophtla and on 
chromosome numbers in the 
Malvaceae** 

BIOLOGICAL INSTITUTE OF 
THE CARL3BERO 
FOUNDATION 


Both in scope and organization this institute is 
independent ot the Carlsberg Laboratory In recent 
years the main activities of the instil utt have been 
rentnd on two problems / the pathogenesis of 
cancu, studied mainly by an investigation ot the 
properties of canttr tissue giown ui vitio, j a study 
of the nature or thi growth promoting substancts 
from embryonic tissues Attempts towards purifica¬ 
tion of the high molecular growth substances seemed 
to indicate that they behaved like nucleoprotcins 1 ' 
While ihtse attempts win only partially successful, 
they gave rise to a closely related line of woik which 
11 most actively pursued at present and which shows 
great promise Ibis concerns the action of low 
molecular substances (* accessory growth factors ') 
especially the amino acids 11 i echnically, the essential 
point in these investigations is that the culture media 
(plasma, se rum, embryo extract) are dialysed before 
use The substanc is thus removed may then be added 
one by one and their importance for the growth of 
the tissue culture may be studied 17 

1 hese experiments showed that dialysis leads to a 
snte of deficiency in which cell life cannot be main- 
timed Among the substances able to remedy this 
deficiency, at least partially, were a mixture of amino 
acids, glutamine, glutathione, fructose diphosphate, 
glucose, and a number of salts If these substancts 
tn added to the dialysed blood plasma it is possible 
to cultivate heart fibroblasts for at least ten passages 
A partially synthetic medium has thus been devised 11 

1 here are o£ course still many unknown substances 
present in the dialysates from natural media So far, 
(here have been found among others ethanolamine 
phosphate carnusine, cysteic acid, and a number of 
peptides 11 

It is to be hoped that this line of attack will lead 
to a null more detailed elucidation of the nutritive 
1 equipments of tissue cells At present, the work on 
the culture of malignant tissues, which had been sus¬ 
pended for some years, is being resumed with the 
a'm of comparing the nutnuon physiology of normal 
and malignant cells 

Originating in the investigations on tissue culture 
several side lines have been taken up These include 


the mechanism of blood clotting 4 *, anlithrombm 41 
and the synthetic anticoagulants 41 For the present 
the interest has centred about the proteolytic 
(fibrinolytic) enzymes present in blood, and it was 
found that they could be activated by means of an 
activator present in the tissue cells 41 Studies on the 
fracUonation of proteins by means of specific anionic 
and cationic precipitants are being conducted 44 , and 
the interest in low molecular accessory growth sub¬ 
stances has ltd to investigations on enzymatic pro¬ 
cesses occumng in tissue extracts, especially those 
related to nitrogen metabolism 

MAKINb BIOLOGICAL LABORATORY 

J Schmidt, who directed the physiological depart¬ 
ment of the Carlsberg Laboratory until 1933, was 
deeply interested in the exploration of the ocean 
He led the * Dana * oceanographical expedition round 
the world in 1928-30 and on his death in 1933 the 
Marine Biological Laboratory was set up to take rare 
of his collections These include mainly pelagic 
animals from all oceans , some have been distributed, 
especially among foreign collaborators, while much 
has bem maintained at the Manne Biological 
I ahoratory itself Most of the results arc bi mg 
treated in the Dana Reports, published by the Carls 
berg Foundation To date, six volumes containing 
thirty four papers have been issued m the sines 
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ROYAI SOC IF T Y 

Ar a recent meeting the following werr <looted 
Foreign Mtrubers of the Society Di W S Adams 
(Pasadena), Proftssor C F Cori (St Loim), Pro- 
ftssorL Flrmi (Chicago), and Professor C J F 
SkoirsBEKt. (Gothtnburg) 

During the Royal Socuty Sumtihc Information 
Conference and in the work of the Information 
Services Committee since it has been evident that 
a list of United Kingdom bcicnufic journals publishing 
a substantial proportion of anginal work or critical 
icviewa would be useful to many numbers ot the 
scientific community Such a list has now been 
prepared* News journals have been omitted and 
only a lew ol the thief commercially sponsored 
journals and the public ations of Government depai t- 
ments have been included Each entry includes a 
short dt scnption of the contents ol the journal and any 
indexes , its lrequency of issue , the current volume 
number , approximate size, whether bummanes oF 
papers arc given, where and how directions to authors 
may be obtained, price, address of the editor and of 
the publishing organization The main list 11 in 
alphabetical order of the names oi the Society or 
organization but there are indexes of names of 

* A Ltd V British Scwttijic /U/kiAmi Reporting Origin! Wtkor 
Cntuai Rmtws (is pp) Loodocf Cdunbndge UnivrotV Tnu tor the 
Royal Society, at od 


journals and subjects Ml scientific workers whether 
in pure or applied fields should find this book \cry 
usdul indeed 

t NI VERS1TY Al'POIN 1 MENTS 

London — Piofcssor H S W Massky, * R s , GokEmid 
Professor of Mathematics aL University College, 
has been appointed to the Quain ('hair of Physics 
tenable at the College from 1 October 1950 

Profissor R W Russell has been appointed to 
the University Chair of Psychology tenable at 
University College from 1 October 1950 

The title of Professor of Mining Geology in the 
University has been conferred on Dr D Williams 
in respect of the post held by him at the Imperial 
College of Science and Technology 

Dr D H R Barton has been appointed to the 
University Readership in Organic Chemistry ten¬ 
able at Birkbeck College from 1 October 1950 

The title of Reader m Chemistry in the Univer¬ 
sity has been conferred on Dr A G Foster in 
respect of the post held by him at Royal Holloway 
College from 1 October 1950 

Dr D M A Leggett has been appointed to 
the University Readership in Mathematics tenable 
at King's College from 1 October 1950 
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Miscellaneous Nqtes 


ELEOTYON OP OFFICERS 

Royal Institute of Chemisity — Among the officers dec ted 
for the ensuing year art President, Professor J W 
Cook, f r s , Vice-Presidents, Professor T Chal¬ 
lenger, Professor H Krai l, Professor W II Linnell, 
Professor R P Linstead, cbf ,frs,DtG Roche 
Lynch, obe, 1 ) T Osborne, o b e , Honorary 
Treasurer, Dr D W Kent-Jones 

British Tar Confederation — The following have been 
elected for the year 1950 President, Colonel H C 
Smith, obf, di , Honorary Treasurer, C L 
Carey , Chairman of the Executive Board, W K 
Hutchinson , Vice-Chairmen of the Executive 
Board, Sir Walter Benton Jones, Bart and Major 
A G Saunders 

Institution qf Chemical Engineers — The following arc 
among the officers dieted for the enduing year 
President, Professor D M Newitt , Vice-Presidents, 
M B Dqnai d, Di F A Freetii, A L Leighton, 
J A Ortfi , c b f , Honorary Secretary, L O New- 
roN , Honorary Treasurer, F A Grfene 
Institute of Petroleum —Elections for the yiar 1950- 
51 include President, CAP SouniWEii , Vice- 
Presidents, M A L Banks, h J Dunman, Dr F 
Morion, J S Parker, H C Teh , Honorary 
Secretary, ( C hilvers , Honorary Trcasun r, G H 
COXON 

RLITIl LEC HIRES 1 9 >*,0 

1 he B B C announces that this year’s Rcith Lectures 
will be given by Professor J Z Young, f r s , 
Professor of Anatomy, University College, I-ondon, 
on the subjc ct of Doubt and ( ertainty in Science 
The lecturrs will be broadcast in the autumn in the 
Home Service with repeats in other programmes 

department of sc if n rn ic and 

INDUS1 RIAL RESEARCH 

Professor Sir Ian Heilbron, odours, has been 
appointed Chairman of the Advisory Council for 
Scientific and Industrial Research in place of Sir 
Geoffrey Heyworth, who has resigned 

Professor W J Pugh, obe, Professor of Gc ology 
and Deputy Vice-ChancMor in the Victoria Univer¬ 
sity of Manchester, has bW^|ppointed to be Director 
of the Geological Survey and Museum of Practical 
Geology He will succeed the present Director, 
Dr W F P Mol inioc. k, in the autumn of 1950 

BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 

Constitution qf Alloys Group — A group has been set up 
to undertake the coordination of phase diagram work 
being earned out in connection with metallurgical 


subjects, especially the transitional elements and high 
temperature alloys The chairman is Professor G V 
Raynor and its members arc R L Bickbrton, Dr 
A J Bradx ey, f r s , Dr A M B Douglas, Dr G A 
Geacii, H J Goldschmidi , Dr J L Hauohton, Dr 
W Hume-Roihery, frb. H W L Phjiups, Dr 
A G Quarrell, Dr T Raine, W P Rees, Dr A H 
Sully, and Dr H Sutton 

International Research on Flame Radiation — F ranee, 
Holland and Great Britain are cooperating in an 
investigation ol the factors afTeoting luminous flame 
radiation, using an experimental fumaci in the 
Royal Dutch Steelworks, Ijmuidtn 

Both * engineering * and 1 scientific 1 trials have 
been agreed upon In the former a large number of 
independent variables such as fuel rate, kind of fuel, 
kind of burner, excess air ratio etc is studied In 
the more fundamental trials, which arc expected 
ultimately to lead to results at least as practical as 
the more cmpnical engineering ones, a relatively 
small number of different flame settings a to be 
studied in great detail 

Chairmen of committees lor each country are 
Professor G M Ribaud (France), J h de Gram 
(Holland) and Professor O A Saunders (Great 
Britain) M W Thrino is in charge of the research 
programme 

New Research Station — A new type of research station 
which will have much of the equipment of a steel¬ 
works in miniature ii» to be begun in Sheffield during 
the next few months Pilot steelworks plant for melt¬ 
ing, rolling, drawing and forging, to try out research 
results before application to production plant, is to 
be installed 

Steel melting will be carried out in a iocwt 
(500kg) capacity electric arc furnace, which will be 
used for work on sulphur elimination and on prob¬ 
lems of electric furnace practice 

A high speed 14 in (35 cm) four-high cold strip roll¬ 
ing mill will enable investigations to be carried out 
into such thingx as 1 roll lorcc \ the measurement of 
which gives rolling mill makers and users the equiva¬ 
lent of the boiler engineer’s steam pressure gauge m 
working out safe and economical loads On a 
smaller two-high mill valuable work has already 
been done by the B I S R A *s rolling section but there 
must now be larger, fully instrumented, equipment, 
more a km to modern industrial practice, on which 
to take this work further 

B I S R A will have its own experimental wire 
drawing plant in the new buildings, where it will 
be possible to carry out trials of new processes before 
they go on to the full scale production plant 
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NATIONAL RESEARCH COUNCII , CANADA 

Dr E G Young, Professor of Biochemistiy, Dal- 
housie University, has been appointed Director of the 
Maritime Regional Laboratory at Halifax, Nova 
Scotia 

Building Restarch — One of the most important pro¬ 
jects recently initiated by the soil mechanics section 
of the Division of Building Research deals with settle¬ 
ments oi the foundations of large buildings In several 
Canadian cities, foundation soils consist of clays whic h 
are highly shrinkable or compressible under the super¬ 
imposed load of buildings This reduction in volume 
of soils may produce differential settlement in the 
buildings either by variations in the foundation soil 
or by uneven loading , thus m many parts of the 
building structural stresses may become greater than 
those provided for in the design, causing strain and 
consequent damage 

The first part of the project is concerned with 
determining the relevant characteristics of sods by 
means or consolidation tests 1 ventually, when 
enough information on thi soil in each area has been 
collected, it may txcomt possible to predict such 
characteristics merely on the basis of routine soil 
tests A two-unit consolidomcter to test samples 
2$ ui (6 3 cm) in diamtter is being built by the Division 
of Building R( m arch from a design developed by the 
Hydro Electric Power Company of Ontario The 
const! ucUon of apparatus accommodating larger 
samples will follow 

In the next phase of the project, theoretical cal¬ 
culations on subsidence of buildings, based on the 
results of consolidation tests, will be checked against 
the actual course of settlement 

Pure Chemistry A detailed study of the factors 
which may affect the sorption of and dyn» by wool 
has been undutaken by the fibre chemistry section 
Factors to be considered are combination ot hydro¬ 
gen 10ns with wool, anion affinity, adsorption, and 


Donnan equilibrium effects, the latter necessitating 
an investigation into the swelling of wool under 
various conditions The effect of temperature on the 
sorption of dye is also under study I csts from room 
temperature to boiling point have been made at ten 
degree intervals for one concentration of aod 

In woik on a new problem, the sorption of vapours 
and gases by wool, and sorption isotherms of hydro¬ 
chloric acid gas at room temperature have been 
me asured 

COM1N C EVENTS 

International Symposium on Chloromycetin , 2nd Italian 
( ongrrsi on Antibtoiict, Milan, 3-5 June 
National Mechanical Handling Exhibition, Olympia, 
London, (1-17 June 

Industrial Fquipment and Engineering Fair, Nairobi, 
Ki nya, 9- 24 J une 

International Ornithological Congress, Uppsala, 10-17 
June 

tfrd Canadian Chemical Coherence and Exhibition, Royal 
York Hotel, Toronto, 19-22 June 
International Conference on the Preparation of Coal , Centre 
d'Etudis cl de Recherches dcs Charbonnages de 
Tram i, Paris, 26 June-1 July 

Coiference on Physic t of lubrication, the University, Man¬ 
chester, 29 Junc-i July 

ijth Meeting of International Conference on Large Electric 
Systems , Pans, 29 June-8 July 
Second Conference on Oil Shale and Lannel Coal , Royal 
Technical ( nllrgc, Glasgow, 3-7 July 
f onference on Civil Engineering Problems in the Colonies , 
to, London, 3-7 July 

Rockefeller Colloquium on Ferromagnetism and Aniferrtb 
magnetism, Faculty dcs Sciences de Grenoble, 3-7 July 
International Colloquium qf International Union qf Biological 
Sciences on Rheological Problems in Biology, Stockholm, 
7 10 July 

Building Research Congress 1951, Watford, 11-20 Sep¬ 
tember 1951 


New Books 


Sound Absorbing Materials 
o zwikrer and c w kosten 
( X+174PP , gsillus, by 6 in) 

Amsterdam, Brussels, New York Elsevier Publishing Co 
Inc , 1949 %i 00 

London Cleaver-Humc Press Ltd, 1949 222 6 d net 

Tim book 11 not, as one might suspect from the 
title, a summary of acoustic characteristics of existing 
absorbing materials intended for practical applica¬ 
tions in architecturaT work It is, on the contrary, 


a highly scientific study of the physical behaviour of 
sound waves impinging on and -penetrating into 
absorbent constructions of any type 

The first three chapters deal with the theory of 
sound absorption in porous and elastic media The 
representation of the impedance curve m the complex 
plane 11 used to a large extent, thus giving a com¬ 
prehensive conception of the acoustic behaviour of 
the material 

Chapter 4 refers to the experimental determination 
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of the banc properties of sound absorbing media 
affecting their acoustical performance, that is to say 
porosity, air resistance, compression modulus and 
stiffness 

In Chapter 5 the methods of measuring normal 
impedance and absorption are discussed whilst new 
procedures and apparatus developed by the authors 
and their collaborators as well as American piarUcc 
arc described The results ol experiment* are com¬ 
pared with theory in Chapter 6 

The acoustical behaviour of resonators used a good 
deal in modem acoustical treatment are dealt with 
in detail in Chapter 7 Different types of perforated 
panels with various fill mgs of porous materials behind 
them are described and here some practical points 
of vuw are added 

Most of the work laid down in the book is confined 
to normal incidence of sound, whereas in actual 
rooms a random distribution of angles of incidence 
occurs The last short chapter (8) is dtvolt d to the 
oblique incidence of sound for special cases 

Results mostly based on the assumption of nomul 
mcidencc of sound cannot be expected to be in close 
agreement with the behaviour of the material under 
practical conditions In this tespect, coefficients ob¬ 
tained by the reverberation method ha\e a closer 
relationship to what is finally desired—in spite of 
all the deficiencies of the reverberation me thod 
For readers however who are chiefly inteiestcd in 
the scientific aspect of the problem this book pro¬ 
vides a very rompu hensive treatise 

O K Koib 

Das biologische Weltbild, I die Stcllung dcs 
Lebens in Natur und Wissenschaft 

L VON BER1A1 ANFFY 
(son pp, 9 } in by in) 

Bern A Francke A G Verlag, 1950 S Ft i x 00 
As von Bertalanffy himself remarks the experi¬ 
mental observer is apt to have a horror of the 
theoretical scientist Yet there is much in this book 
to attract the experimenter It presents a so-called 
‘ organic ' view of living things as systems in a steady 
state with certain peculiar properties, especially that 
of self-regulation This is tAk picture of the organism 
that many observers are now building up for them¬ 
selves, struggling, like von Bertalanffy, to fit them 
on to a science that is based on the companion of 
the body with a machine, having * structure 1 and 
4 functions ’ 

Unfortunately there in here, besides much that is 
stimulating, also all the apparatus of thi 4 theoretical 
scientist • T he discovery of traces of each view in 
Greek thought, the quotations from Goethe, dis¬ 


cussion* of 4 hierarchical oigamration *, 4 methodologi¬ 
cal concepts’ and the like, that have driven many a 
good biologist away from paths he would like to 
follow Worst of all, there are severe symptoms of 
the besetting sm of the theorist- the taking too 
seriously of concepts that the experimentalist himself 
regards only as imperfect expressions of his obser¬ 
vations We find painstaking analysis of the cell, 
the gene and many an other, all studied most 
carefully as they appear from analysis of the works 
of biologists 

No doubt the exact parson will throw up his 
hands and say 4 what else u the poor reader to do ? 
How can he judge of the works of scientists except 
through their published words ? 1 And of course the 
exact one will be as right as he is prim Theoretical 
biology of this sort is extremely useful, but it will 
not win the heart of the working biologist until it 
shows its understanding of the anarchy of his method 
and the detached humour of his interest Who will 
bother to read all these long words when the beauty 
and excitement ol tht living things are there to be 
m cn fur themselves •* 

J / Younc 

Progress in the Theory of the Physical 
Properties ol Glass 

J li STEVELS 

(jkm + 104 pp, 36 illus, 8 tn by 5I m) 

Amsterdam Elsevier Publishing Co Inc , 1948 
London Clcaver-Humr Press Ltd, 1948 inj net 

Much experimental work has b« cn done during the 
past sixty or seventy yean with the object of estab¬ 
lishing relationships between physical properties and 
glass composition, but the various empirical ex¬ 
pressions put forward have usually been applicable 
only to glasses of substantially similar types and over 
comparatively restricted ranges Dr Stevels’i 
investigations have had little 01 nothing in common 
with tins type of woik winch, however, has provided 
much of the factual information by which hu 
theoretical deductions can be tested—and largely 
substantiated He begins with the type or types of 
molecular units necessary to build up a glass, and 
with the irregular network structure built up of the 
tetrahedral units characteristic of all glasses with the 
poaible exception of bone oxide glass The modi¬ 
fications of structure due to the introduction of 
metallic oxides are then considered, and the 4 housing 1 
of the metallic atoms or 10ns within the structural 
interstices is also described From these Dr Stevels 
proceeds to discuss how the density will be affected 
by increasing the proportions of metallic oxides in 
relation to the 4 glaM-fomung * oxides such as silica, 
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and deduces generalized expressions which, to a first 
approximation, are independent of the nature of the 
constituent oxides Exceptions are numerous, but 
these are explained by unusual oxygcn-sihcon and 
oxygen-metal ratios, such as would invalidate the 
assumptions on which the theoretical treatment is 
based, and on the reasonably well established assump¬ 
tion that certain oxides can act partly as * network 
builders ' and partly as 1 network modifiers ’ 1 he 

electrical properties of glasses are dealt with on 
similarly fundamental grounds, as is alio the 
molecular refraction of glass 

There is a very large measure ol agreement 
between the experimental values already obtained 
by previous workers and the values calculated by 
the author from his theoretical considerations where 
differences are found Dr Stcvels can usually put 
forward good reasons for their cxistt nee His claims 
are commendably modest and show evidence of a 
sound critical faculty 

To all who are interested in the physics and 
chemistry of glass, the monograph will be informative 
and stimulating It is by approaching the subject 
fundamentally, as here, that our knowledge of glass 
will be advanced most surely and most rapidly, and 
out of the differences found between experiment and 
theoretical prediction, new information will come 
and new lines of research be suggested 

H Moore 

Frontiers in Chemistry, Vol VIII 
Frontiers in Colloid Chemistry 

LtliUff by RE BURK and o grummi i 1 

tUus > 9 m k? 

New York Interscimce Publisher!, Inc , 1950 $4 00 

London Intersoence Publishers, Ltd, 1950 324 net 

4 h ron r ieR b in Colloid Chemistry * is a senes of 
lectures on adsorption, ion-exchange, sedimentation 
and colloidal electrolytes, by some of the most 
prominent \mencan scientists These lectures were 
apparently delivered between 1946 and 1948 As a 
result of their belated appearance in print those 
lectures dealing with subjects which have since 
undergone rapid development can no longer be 
considered as an adequate representation of the 
subjiU I his apphts to H H Strain's discussion 
ol 4 Adsorption Analysis' and to R J Myers' 
article on * Ion Exchange and Synthetic Resins' 
sublets which have developed enormously during the 
last four years, both m theory and in (xpcnmmtal 
applications However, the excellent presentations 
by II S Taylor on 4 Adsorption Isothermsbv 
V R Damerell on 4 Sedimentation \ by J W 


and Detergents * and on 4 Organization of Crystals 
and Micelles of Soap', deal with subjects which 
had, at the time of their delivery, progressed to 
some state of completion I hey are, there fore, 
sufficiently fundamental in outlook and treatment to 
be of considerable value to the young student 
desiring to acquaint himself with the basic science 
of these fields This appli& particularly to the le eture 
by Dean Tayior which is of a more recent date It 
combines a lueid representation of the field with a 
more or less adequate documentation which 111110- 
duccs the student to many of the more detailed 
original paper* 

f Glueckauf 

Photoelasticity, Vol II 

11 M FROCHT 

(xvin+joi) pp, 425 Ulus, 9 in by 6 m) 

Ncv\ York John Wiley and Sons Inc t 1948 fiooo 
I ondon Chapman and Hall Ltd, 1948 Ooj net 

\ or 1 me 1 ol t rocht's ‘ Photoelastuity ', published 
in 1941, has been widely used as a textbook both by 
students and by technicians Its author is regarded 
as a leading expert in thu held In Volume II he 
deals with the more advanced photoelastic and 
associated mathematical stress analysis, and includes 
a number of special investigations published by him 
since 1941 

A whole chapter is given to the analysis of radial 
strew in a semi-in finite plate due to boundary loads, 
which shows remarkably good agreement between 
theoiy and experiment A further chapter deals 
with the stress in wedges due to tip pressures Here, 
again, theory and experiment provide convincing 
evidence of the reliability of the photoelaslie method 
1 he use of the Airy stress function is illustrated by 
examples Considerable attention is paid to methods 
of determining uopachic stiess patterns The 
inteilerometer method is illustrated by an interference 
fringe pattern for a stainless steel ung under diamc tral 
compression, the results of which are shown to agree 
with photoelastic measurements 

Of rerent years, the solution of Laplace’s equation 
for 4 P j- Q,’ (the sum of the principal stresses) by 
the iterative method has tended to replace the old 
lateral extensometer method The author gives a 
full description of the new method t € computing 
P + Q, by the harmonization of values established 
for a square network, using the boundary values 
given by the fringe pattern as a starting point 
Several examples are worked out and it is shown 
how, by using conformal transformation, problems 
involving circular holes or notches can be com eniently 
solved 
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Very useful to the designer are the curves for stress 
concentrations at a hole loaded through a pin in the 
hole, including the effect of clearance 

Three chapters are devoted to application of the 
* stress freezing * method for three dimensional stress 
problems, such as the stress distribution at holes in 
circular shafts, and a few examples are given of the 
method of oblique incidence Those chosen for 
analysis by the * freezing' method are relatively 
simple stress distributions, and it is evident that the 
author does not consider the method easy to apply 
in its present form for ad hoc problems generally 

An important discovery, from the point of view 
of accuracy, is that spurious edge stress in a thin 
slice produced in freezing BT 61-893 (photoela'tic 
bakelite, a glyptal polymer) disappears almost 
entirely within a few days due to rcdninbution of 
streu, provided the slice is protected from atmospheric 
moisture 

The last chapter is devoted to the 1 scattered 
light * method In the appendix, fringe photographs 
of slices from three dimensional models entirely 
free from spurious edge stress arc shown These 
were obtained with the new photoelastic material 
known as FosUrtU, which is said to be a generic name 
for copolymers of organic acids and diethylenr 
glycol with styrene Foitento, which appears to be 
ideal for three dimensional work, has been produced 
in bars of considerable thickness 

As in the first volume, the author is not content 
with explaining a process of analysis, but gives one 
or more examples fully worked out Occasional 
problems are given as exercises for the reader The 
presentation, printing, and illustrations, as well as 
the paper, are excellent The text has evidently 
been checked with great care Though intended 
mainly for the advanced worker, this book should 
probably have a wider appeal than the rlamiral 
treatise by Coker and Filon 

WAP Fisher 

Principles of Radar 

D TAYLOR and O H WZSTOOTT 
(*+141 fip, tllusty 8\tn by 5 J ui) 

London Cambridge University Prrsa, 1948 iaj 64 net 
This book is one of a senes of monographs dealing 
with advances in radio techniques m ad e during the 
war It is accordingly a highly specialized work, 
but the authors have nevertheless succeeded in 
dealing with this branch of the subject in a manner 
which anyone with an elementary knowledge of 
conventional radio will find easy to follow At the 
same time the more advanced aspects of the subject 
** are dealt with in sufficient detail, particularly in 


the Appendix, to interest the advanced worker 

In the introduction there is a short historical 
account which will be of special interest to the reader 
who was not closely associated with radar develop¬ 
ment in the early days One does not expect any 
very complete historical account in a book of this 
kind but a reference to the pioneer work of Chester 
and Rice on microwave radar would have added to 
the value ot this section 

The book was written especially for the reader 
who is interested mainly in the fundamentals and 
either not particularly interested in detailed circuit 
techniques or already well acquainted with these 
Typical subjects dealt with in detail are propagation, 
arnals, scanning, noise, interference echoes and a 
valuable chapter on radar navigation systems There 
is a five page chapter on typical radar equipment, 
the reviewer feels that this is too condensed m 
relation to the other subjects dealt with There is a 
short paragraph on probable future developments 
It may be felt that this is very inadequately dealt 
with but it is undoubtedly a subject which the 
careful author will appioach with some caution 

On the whole the monograph 11 a satisfactory 
account of a very interesting subject It is a live 
and stimulating book as indeed one might expect 
when the authors are dealing with a subject to which 
they them sc lvcs have contributed greatly 

J Sayers 

Physical Aspe< ts of Colour, English edition 

P J BOUMA 

{312 pp, n3iUus t 9 tn by 6 in) 

Findhoven Philips Technical Library, 1949 
New York Elsevier Publishing Co Inc , 1949 
London Cleaver-Uume Pros Ltd, 1949 jar 

A system for measuring colour was introduced 
in 1931 by the IntcmaUonal Commission on 
Illumination, in terms of the additive mixture of 
defined red, green and blue stimuli required to 
match any colour under test Increasing use has 
been made of the system in industry, but its full 
potentialities have not yet been generally recognized 
More publicity is required and in thii book we have 
a sound objective study of thr physics of colour in 
general and of the international trichromatic system 
in particular 

The book was written under tragic circumstances 
by an expert on the subject and Dr Bouma's friends 
have produced a worthy memorial to him in this 
English translation of the original Dutch text No 
attempt has been made to enter the controversial 
field of colour vision theory but, starting from 
ex p erimental data on colour matching, the repre- 
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sentation of colours on a three coordinate system 11 
developed and the calculation of the colour co¬ 
ordinates from a knowledge of the spectral com¬ 
position of the light is described Once we have an 
unambiguous method of specifying a colour, it 
becomes possible to study scientifically a whole 
variety of problemi e g colour tolerances, the colour 
rendering properties of llluminants, the spectral 
characteristics of dyes required to give maximum 
light reflection for a given saturation of colour, the 
principles of colour reproduction and so on 

The algebra involved m these colour calculations 
is intrinsically easy, but in practice decidedly 
confusing Dr Bouma has introduced certain novel 
features in expressing his colour equations which 
seem to meet the criticisms that have sometimes 
been levelled at the colour algebra as written in 
this country, and his symbolism may well become 
generally adopted On the other hand, he has 
given a rather subtle twist to the trims brightness, 
apparent brightness and subjective brightness which 
may cause some confusion This is, however, a 
book that should find its way on to the shelves of 
all those who have any technical concern with colour 

W D Wrk.hi 

An Outline of Statistical Methods for Use 
in the Textile Industry 

A BRBARLLY and D R COX 

(74 PP< 11 tables, 9} in by 6\ 1n) 

I reds Wool Industries Reseairh Association, 1949 
7 i 6 d net 

Wool Research 1918-1948 
Vol 4 Carding, Vol 6 Drawing and 
Spinning 

(w +844 and vtu+sttfpp, 155 Ulus, 87 tables and 
ug Ulus, 100 tables, pk tn by m) 

Leeds Wool Industries Research Association, 1949 
£\ n each 

The first publication listed above is an example of 
material produced by the W I R A to aid the 
industrialist It is a small booklet designed to equip 
the practical man with an understanding of statistical 
terms and of the simpler procedures used for analysing 
results No attempt is made to derive any of the 
formulae mathematically, but a logical development 
of the subject is given Frequency distributions, 
sampling distributions, F- and /-tests and the analysis 
of variance are all covered, and there is a useful 
section on quality control The book is so short 
that the treatment is necessarily very compressed, 
and such important topics as regression analysis and 
the % % test have beat completely ozqitted , references 


are, however, given to standard textbooks for 
additional reading Illustrative numerical examples 
from textile testing, a glossary, and some useful 
tables complete the booklet, which should serve as a 
convenient summary for the industrialist or mill 
manager 

The other two books form part of a senes which 
the association is to produce, collecting and sum¬ 
marizing the research done since its foundation 
m 1918 It is explained that the order of publicaUon 
has been determined by the needi of the industry 
and by the material available, so that these books, 
though numbered volumes 4 and 6 respectively, 
have been the first to appear Lach deals with 
applied research on a single mam textile process 

An historical introduction in each book tells the 
fascinating story of the development of modem mill 
machinery from the primitive hand card and distaff 
and spindle The research which is then described 
is aimed at assessing the factors affecUng the per¬ 
formance of the process A complete assessment is 
not yet possible but a great deal of very useful 
matenal has been collected Ihe most important 
section in the carding volume is an account of an 
extensive series of tnals on the causes of variability 
in woollen carding, with a detailed analysis of the 
results There arc also several shorter reports, 
including some analysis based on theory and 
observation, of-the nature of the raiding action 
In the other volume details are given of pracUcal 
investigations into the effects of changes in the 
design of the drawing set, or in the roller setting, 
twists, doublings, and drafts on a drawing or spinning 
frame , the overall effects of oiling and of relative 
humidity are also considered In both books details 
arc given of all experimental techniques used, and 
the experimental results arc fully reproduced 

It cannot be said that either book adds anything 
significant to the present knowledge on these 
processes , he>we\cr, the assembling of detailed 
results, which were previously scattered through 
many papers or sometimes unpublished, will be most 
useful to any investigator in this field Both books 
are notably well produced 

M Hannah 

Books to Come 

Infinite Matrices and Sequence Spaces a o cooke 
(c 272 pp, demy8vo) London Macmillan and (.0 
Ltd 361 

Linftlhrung in das Studium der Theoretischrn Physik 
r becicer (c aoo pp, c 100 tUus) Gottingen 
Spnnger-Verlag 
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Some Properties of Nitrating Acids consisting of Nitric Acid and 

Sulphur Trioxide 

P M HEERIJES, Dr Ir and L J RtVALI IER, Ir 

The melting pouit curve is given of mixtures of nitric acid and sulphur tnoxtde, also containing 
water and nitrous acid In the region investigated three different crystalline compounds can 

be distinguished 


Or late, a great deal of attention has been paid to 
the propei tics of mixtures of sulphuric and mine 
acids Although these are among the oldc st produt ts 
of the inorganic ch« miral industry, little was known 
until recently about the constitution of mixtures of 
them However, our insight into this problem has 
been deepened by recent investigations concerning 
the application of these mixtures for nitranng 
purposes 

Knowledge of the properties of mixtures ol nitric 
aud and sulphur tnoxidc is still very elementary, 
although from theoretical and practical considcra¬ 
tions these mixtures are ccrtimly not less important 
than the nitric-sulphur e acid system 

Although extensive experimental work has been 
performed in the field ol nitration with nitric and 
sulphuric at ids, the applicability of nitric acid and 
sulphur trioxidr mixture as a nitrating agent has 
hardly been investigated Only a few years ago a 
process was developed lor the manufacture and 
application of such mixtures 1 Hence, it was desirable 



Figmo r Part qf Uu dtagram H,0—N t O,—SO, 


to extend our knowledge of the relatively unexplored 
region of the ternary system water-nitrogen 
pentoxide sulphur trioxidr I hat is why in their 
study of the manufacture and applicability of mix¬ 
tures of nitric acid and sulphur trioxide the authois 
also examined certain ol the properties, as for 
example part ol the melting point curve, of this 
system Some of the results arc puhhshcd in this 
preliminary paper 

It was found that the nitrating acids ohtained by 
adding sulphur tuoxide to concentialcd mine acid 
(rone 99 per cent), arc liquid at room temperature 
if the mixture does not contain more than 45 per 
cent by weight of sulphur tnoxidc 

At higher sulphur tuoxide contents the melting 
point rises tapidly and is above ioo° C for mixture* 
containing 65 to 70 per cent sulphur trioxide If 
the sulphur tnoxidc content is increased above 
about 80 per cent, the nitric acid-sulphur tnoxidc 
mixture is liquid again at room temperature When 
preparing these nitrating acids, the formation of a 
slight amount of N,0, (or HNO,) cannot be avoided 

Several samples were prepared by adding known 
amounts of ands containing about 45 per cent of 
sulphur tnoxidc, to known quantities with a sulphur 
tnoxidc content of about 80 per cent Die points 
C, D t E and b in the diagram Figure r, given in 
mol p<r rent, represent such starting mixtures which 
lie on either side of the crystalline region examined 
Thr melting pomt curves were determined bv melting 
1 to a gm of the pre pared samples in a disk-shaped 
cuvette (Figure 2) The cuvettes were rotated along 
the axis BC in a paraffin oil bath 


i he tempera¬ 
ture of the oil bath 
was raised slowly 
The cuvette was 
irradiated with a 
beam of polarized 
light, the melting 
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Mol par cent 
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HNO, H.O 

N.O, 

SO, 

N.O, 

H.O 

N.O, 

C 


jOfl 10 

0 4 

3b 9 

46 0 

{68 

03 

to 

163 j j 

0 1 

7 J J 

0 * 

18 j 

o a 

E 

£Z 

Si 0 19 

1 3 

37 l 

J 7 3 
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b 

*70 * 1 

O 0 

74 0 

10 i 

IS I 

03 
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Nitrating acids 

Prr uni fry weight 

Alai per cent 

so, 

HNO, H.O 

N.O, 

SO, 

N.O, 

H.O 

N.O, 

OnfHM land G 

bi V 

36 i 07 

1 { 

SS 1 

40 3 

33 a 

1 a 

| Crystals H 

6a a 

368 — 

1 0 

366 

21 a 

21 J 

0 9 

Crystals A 

63 4 

37 B - 1 6 

04 

& S 

B 3 9 

16 4 

0 4 

6SO, 4 HNO, L 

61 J 3 

3863 - 


Si 36 

4141 
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process being observed through a micros opc 1 he 
temperature at which the last crystal in the dark 
field disappeared was dt tcrmined The air bubble 
in A ensured that the crystals were thoroughly 
mixed with the mother liquor 

In Figure 3 the melting point cutve is given as a 
function of the sulphur Lnoxide content in mol 
per cuit Curve 1 holds for mixtures ol the acids C 
and D whereas curve 2 has bun obtained by mixing 
the at ids F and F I he compositions ol the original 
acids (, D t E and F are given in Table I I ht t otn- 
positions of representative samples were determined 
by analysis and the results proved to be in fair 
agreement with the values calculated from the 
amounts of C and /) or h and F that had been mixed 
I he location of these points in Figure 1 could only 
be given by neglecting the nitrous anhydride content 

Prom the melting point curves the following 
conclusions could be drawn 



/ Two maxima can be dis¬ 
tinguished 

j The maximum with the 
highest sulphur tnoxide con¬ 
tent (d, or 4 t ) can be 
considered to lx. the com¬ 
pound HNO, 2 SO, (point 
M in Figure /) which has 
already been dt sen bed by 
Canm and O Callaohan 1 , 
(jolfman*, and Amelin and 
BORODAsrOVA 4 

The crystals occur in the 
form of well defined ihomhs 
By re crystallizing a mixture 
having a composition approximately equivalent to 
that at A t% wc succeeded in separating the com¬ 
pound M in a puic iorm The crystals of A lt A % 
and M were identical in sliapc These crystals are 
leprcncnted m Figure 4 

By means of Raman spertra it could be proved 
that all the nitrogen in the 2 SOj HNO, compound 
occurred 111 the iorm NOJ and that probably 4 all 
the sulphur was piestnl as JIS ,07 

3 lhe other maximum (#! or B t ) may be of the 
compound 0 SO, 3 HNO, (point N in Figure /) 
Ihis has to be confirmed, howevti, by rccrystalh- 
/ation tests The crystals arc fine prismatic 
needles, shown in Figure 5 

The authors could not prove the existence ol the 
compound 0 SO, 4 HNO, (/) which has been 
described by DonA # It was, however, noticed that 
the crystals in the region 40 to mol percent sulphur 
tnoxide differed considerably 111 appearance from 
those at 4 and B These crystals occurred in the 
Iorm of plan-paialltl plates ( Figure 6) which appeared 



Figure 4 OysiaU qf 2 SO, HNO, (Linear 
enkrtemau usx) 
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Rummg onis 


Per cni b wnjfe 


Mel per «ntf 

SO. 

HNO. H.O 

N.O. 

SO, 

N.O. H.O 

N.O, 

Lmmt torer 0 

90 3 

83 08 

0 b 

86 1 

30 83 

06 

Upper layer P 

904 

to 1 ) 03 

(0 1) 

D 7 7 

( 01 ) a a 

(<o 1 ) 


rbe figures in parentbnc* ore out reliable 


brightly colourrd between crossed nicols Since the 
melting point curve does nut show a maximum in 
this region, no information could be derived there¬ 
from as regards the composition of these crystals 
I he crystals could be separated, however, from the 
mother liquor by draining the mixture on a porous 
tile This separation is not quantitative and the 
analysis of the resulting solid substance was rather 
difficult to perform Consequently it is not possible 
to give a dehnitc conclusion about the composition 

In most samples the authors found, however, that 
the crystals mentioned contained less water than 
would correspond with the quantit> present in mix- 



r1 gun 5 Crystal* probably qf 5 SO, VHNO, 
(Linear enlargement 12 2 s) \ _ 



Figure 6 CnsUds m region jo to h mol per 
cent sulphur mosetde (Umarenlargement23 5 X) 


turcs of mtnc acid and sulphur 
trioxide So when a mixture 
belonging m the region H,0— 
HNO,—SO, is irecd from 
most of the mother liquor it 
is possible to obtain a mixture 
in the region HNO,—N,0, - 
SO, 

Thu may be illustrated by the following example 
From a mixture 0 , the impure crystals H and A 
were separated , these were obtained by draining the 
mixture G on a porous tile for 3, and 5 days 
respectively The composition of these substances 
is shown in Table //, the location of the points G, H 
and A* in the diagram 11,0—N,0,—SO,. Figure J 

The nitric acid-sulphur trioxide system described 
has further properties which are interesting in anothc r 
respect It was noticed that the addition of more 
sulphur tnoxide to the liquid mixture (e g D and 
F) gave rise to the formation of a second liquid layer 
Thu layer which consisted of almost pure sulphur 
tnuxide appeared after the sulphur tnoxide content 
had me r< as* d to about 90 per cent 

By way ot example, thr composition is given of 
two liquid phases O and P which are m equilibrium 
at a temperature of 40°C (Table III) At room tem¬ 
perature the two layers start crystallizing 

It should be remarked that thr same phenomenon 
of two phase iormation is observed with mixtures o( 
nitric oxide and sulphur tnoxide In mixtures with 
a high sulphur tnoxide content two layers wen 
formed the upper layer consisted of almost pure 
sulphur tnoxide, the lower one containing sulphur 
tnoxide and mine oxide 

The authors tusk to thank the Staatstmjnen in Jtmburg 
(Ntlherlands) for permission to publish this paper 

Laboratonum poor chetmsche Technology 
Teihnuehe Hooge school, Detft 
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A Rapid Immersion Silvering Method of High Efficiency 

P B G UPTON and t F G HERING TON, ARCS.DIC.PhD 

A method of depositing a silver film by reduction of a silver ammoniomtraU solution by 
hydrazine sulphate, where the deposition of silver other than on the desired surface is prevented 
by the presence of pyridine, iv described The effect of the pyridine is shown to be due to the 
presence of a small proportion of surface actue impurity and comparable results are found to 
be obtainable by the use of cyclohexylamine or ammonia instead of pyridine if a small cetyl 
pyridtntum bromide addition to the solution ts made 

Most methods of producing silver mirrors by the vessel and tht solution remained ptrfcctly clear and 
chemical reduction of an aqueous silver solution sufTei still usable some twenty four hours after preparation, 
from the defect that only a small proportion of the duung which time a number of v pa rate silverings of 
reduced silver is deposited as a mirror on the inquired sensitized surfaces had been made 
inrfacc Hie remainder is deposited r.thrr on the j hr efFccl of the stannou , fh l„nde treatment in 
wall, of the containing vessel or is precipitate d m th, ln(rca , lnR lhp 1IHtial ralc of mirror formation ha. been 

solution and eventually form, a loose black sludgr , ou ,, notrd and ha , ,^ ;n shown qU anutat.vely 

this sludg. is additionally objee tionable sine i, b< sides ^ by „ ANKS , and by Miya , , and Inaoaki i , on 

the waste of silver involved, the precipitate may also „ m ^ and 

uew ol olhei work on this point 

.poll the mirror during it. formation In general fa Banks and other , which w ,„ shortly ^ publ^, 
prev ious m« thods of merging efficiency (i e the th „ a t o) the prnrnt rv^trona .. at least par- 
proportion of precipitated silver deposited a. a tia li y undmtandabk It was believed at first that 

mirror) have as one require mrnt the reduction of the (hc cffccl ()1 thf hm addlUon was Mm ply to reducc 

rate of reaction by the addition of various interfering the , llvcr lon t0 n ( entrat.on to a point where the 

materials 1 In reduction by formaldehyde Silverman rt(]urUon lol ^ practlfal purposes would not 

and Howe* examined a number of possible additions w d 1(1 the abvncc of a catal> „ however, ex- 

and found methyl alcohol most effective , however cnt , * I|h other amines which would give even 

even the optimum resultant efficiency was not much , ower gI , ver m ronccntratlon from dissociation of 

in excess of 20 per cent die geneial complex AgB,OH, tailed to repreiduee 

In the course of some work by one ol the present the differential inhibiting effut of pyridine, and it 
writers on the mechanism of the silvering pnxess a was therefore concluded that either an impurity was 
1 per cent solution of silver ammomomtratr to which present in the pyridine used (redistilled laboratory 
about 10 to 15 per cent of pyridine had be tn added reagent grade) or that pyridine behaved uniquely in 
did not show any appreciable deposition of silver on some way not understooel Tests were made with 
the addition of sufficient hydrazine sulphate to reducc D thc r materials known to occur in pyi iduie but whilst 
all the silver salt present The reaction assumed was comparable results were obtained with a and ft 
N|H 4 H e S 0 4 + 4AgNO a + 0 NH 4 OH picoline, results did not show that the phenomenon 

- 4 NH 4 NO, + N, + 4Ag + (NH 4 ), SO« + AH.O was irate able to any particular constituent 

It was lound that on a surface which had previously When however the process was tecommeiided as a 

been treated with a solution of stannous chloride and practical means of heavily silvering plastics in the 
washed with water, a heavy silver mirror was rapidly manufacture of a special electrical component, it was 
deposited (In the absence of pyridine of course the found ‘hat the results obtain, d were markedly 
addition of hydrazine sulphate to the silver solution dependent on the source and quality of the pyridine 
results in the formation of a silver precipitate almost 
immediately ) Table I shows the rate of deposition 
of silver and the considerable thickness of the mirrors 
obtained from the solution with the pyndine addition, 
compared with values taken from the smoothed data 
of Banks* for a normal type of process (using for¬ 
maldehyde as the reducing agent) in which the surface 
was also prepared by treatment with stannous 
chloride 

Despite this high rate of deposition maintained on 
tht * sensitized * (i e treated with stannous chloride) 
surface, very little silver precipitation occurred in the 
bulk of the solution or on the walls of th & containing 
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used and thal no differential inhibition of silver 
reduction occurred when a sample of pyndine of 
purity greatrr than 99 9 mol per tent as established 
by the freezing point was used Examination of a 
sample of pyndine found to give satisfactory results 
revealed the presence of a very small amount of 
a surface active agent , when a sufficient amount of a 
surface active agent was added to pure pyndine 
differential inhibition of silvt r reduction was obtained 
It was also established that the variable behaviour 
of different pyndine samplev was attributable to the 
varying proportion of surface active agent present 
The desired n suits could be reproduced by adding 
a suitable proportion of bixanol ( (cetyl pyndinium 
bromide) to * inactive * pyndine, and the process thus 
become s completely controllable 1 he addition of 
increasing proporUons of surface acuve agent to a 
sample of pyndint giving no differential inhibition 
produces results m the following sequence 

/ no apparent inhibition of silver precipitation 

a inhibition of pret lpitation in bulk of solution but 
mirror deposition on walls of vessel as well as a 
sensitized stannous ehlemdc treated surface 

j inhibition of precipitation in solution, no deposi¬ 
tion on walls of vessel but good deposition on 
sensitize d surface 

4 as 3 but poor deposition on sensitized surface 

5 complete inhibition it no deposition of silver 
at all 

These effects change with the age of the solution 
and 111 general any inhibited solution will start to 
deposit silver after some hours 

These observations suggest that pyridine itself has 
no unique properly in this process , good differential 
inhibitions have been obtained by adding bases 
instead of pyndine (notably ammonia and tyclo- 
hexylamine), in suitable concentration* together with 
the appropriate addition of u tyl pyndmvum bromide 
(using solutions of the order of o 001 per cent) I he 
following is a recipe based on the use of pyndine 


rhe surface to be silvered is pre-treated by being wetted 
with a solution of 10 gm stannous chloride in 20 ml hydro¬ 
chloric and (A R ) and 80 ml water The surface is then 
rinsed with a 5 per cent silver nitrate solution and well 
washed with distilled water and kept under water until 
required 

Silvering solutions 
Solution 1 

10 ml ol pyndine 

o-y) ml of butanol C solution (o 005 per cent) 
ib ml ol 125 per cent hydrazine sulphate 
solution 
Solution a 

70 rc of 1 per cent solution of ammomaca! silver 
nitrate prepared by adding o 880 ammonia to 
1 per cent silver nitrate soluUon until the 
precipitate just redissolves 

Solutions / and a are mixed just before use The amount 
of / txanol C solution is adjusted to give satisfactory results 
No exact quantity can be recommended as the amount 
required depends on the roncentraUon ol surface active 
agent already picsent in each batch of pyndine and this 
may change with time 

1 he method should be of considerable use wherever 
the rapid and efficient deposition of a heavy silver 
him is required 

The authors desire to thank the Lounctl of the Printing, 
Packaging and Allied Trades Research Association, and the 
Director qf the Chemical Research Laboratory for permission 
to publish thi\ paper 

The Printing, Packaging and Allied Tracks 
Research Association 
Leatherhead 

D SIR Chemical Research Laboratory 
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Initial Increase in Vtscostty during Action of 
Bacterial Amylase on Starch 

In connection with an investigation on the bacterial 
amylase from Shcillus subtihs (N C T C , 30*17 N) l »", 
the author had to adapt the usual viscoaunetnc 
method for measuntg amylase activity The reaction 
mixture used for these studies confuted usually of 


15 o ml of a per cent starch solution (B D H Product, 
vitamin and fat free) buffered to 1H7 o (Sorensen's 
phosphate buffer) and 1 o ml of the enzyme sample 
While taking measurements at short intervals, it was 
observed that the viscosity of the reaction mixture 
tended to increase in the initial stages and then 
gradually decreased I he reaction velocity curves 
when plotted (Figure /) clearly indicate a characteristic 
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hgun / Time course curve with varying concen¬ 
tration of enzyme extract 


hump in the initial stages and this becomes 
more prominent when the concentration of the 
tnzyme solution is low Neither dialysis nor frac¬ 
tional precipitations with ammonium sulphate, 
alcohol and acetone of the enzyme preparation has 
any c flee t on the initial increase in viscosity Similar 
studies have also been conducted with other sourc cs 
of amylase (ptyalm, Amylum oryzae and pancreas) in 
order to determine whether the phenomenon is a 
general one or only specific to certain groups The 
results have shown, however, that the phenomenon 
could be only visualized with bacterial amylase as 
no such characteristic hump was observed in the 
enzyme course of reaction curves obtained with other 
sources ol amylase lhis led to the study of the 
chemical nature of the bacterial amylase and hence 
for this purpose a crude enzyme extract was sub¬ 
jected to systematic purification involving the 
following steps 

/ dialysis, a adsorption on fuller's earth and cluating with 
■odium oxalate, 3 precipitation with 70 per cent alcohol, 

4 precipitation with ammonium sulphate at o 7 saturation, 

5 precipitation with ammonium sulphate at 0 8 saturation, 
and 6 dialysis of the ensyme solution 

According to the above procedure, the activity of 
thr punfied sample increased by 171 times on the 
basis of total solids and 48 times on the basis of total 
nitrogen content as compared with the original crude 
enzyme preparation* The reaction velocity curves 
obtained with this highly punfied enzyme prepara¬ 


tion as discussed above showed the same charac¬ 
teristic hump at low enzyme concentration Exactly 
what contributes to this hump formation u difficult 
to explain at this stage, but it is quite certain that 
thr responsible factor is thcrmolabile m nature as 
the viscosity of the reaction mixture using heat in¬ 
activated bacterial amylase remains the same Hie 
observations have also been made that the bacterial 
amylasr inhibitors such as maleic acid, lodoacetic 
acid etc an also inhibitors of this unknown factor 

In the author's previous communications it has 
been shown that during the synthesis of amylase by 
B subtths , vitamins of B-complex* and antibiotic 
substances 1 are formed and hence their influence on 
the enzymatic activity wis studied The reported 
inhibition of thiamin on wheal amylase by Pao- 
CmiNf. I ii* furthrr supported the claim in conduct¬ 
ing the above experiments The results indicate that 
thiamin has no efftet on the amylase activity whereas 
penicillin and streptomvcm exert accelerating effects 
at high concentrations The effect of other members 
ol the vitamin u-complc x was not studied Even with 
the Ik lp of the above experimental data it was not 
possible to advance any explanation for the initial 
mciease in viscosity , however, it is quite probable 
that the present phenomenon may lx attributed to 
the formation of enzyme -substr U« complex in the 
earlier stages of the enzyme teaction before the 
actual enzyme reaction (te decrease in viscosity) 
takes place 

My sincere thanks are due to Professor V Subrahmanyan 
and C olonel S S' Bfuitnagar for their keen interest in these 
investigations 

B S Lulia 

Department of Biochemistry 

Indian Institute of Science 
Bangalore j, India 

(Received April 1950) 
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Valence States of Carbon and the Heats of 
Dissociation of CO, CN and Nj 

Fv idence regarding the dissociation cmigiis of 
( O, CN and N* has been re-examined recently by 
LoNCr 1 Independently, Paulinc and Sheehan* have 
attempted to decide upon the correct values by the 
use of an extrapolation procedure Both approarhc s 
agree in indicating that the high value 11 11 cv 
for D(CO) u not correct Although the ultimate 
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conclusion* regarding D(CO) seem to differ somewhat 
the attempt will be made here to show by a logical 
application of the principles involved that this is only 
apparent 

T hi reasonable underlying assumption of Pauling 
and Sheehan is that linear extrapolations of th< lower 
vibrational levels of diatomic molecules prov kU ap¬ 
proximate energies of dissociation into atoms in their 
appropriate valence states From the estimates thus 
derived for the X l E 9 a % ff 9 a* % E and A l JI states 
of CO, the values obtained lor D(C O) after deduc¬ 
tion of the valence state energies for divalc ni carbon 
and oxygen arc rts|>ectively 8 76, q 86, 9 p and 
q 63 ev This suggested that the true value is cither 
i) 14 or q 61 to q 83 ev, the last being selected from 
a consideration of CN However a distinction be¬ 
tween tht valence energies ofdival nt and tetravalmt 
carbon, coupled with an improved value for the heal 
of formation ol CN 1 , leads to the other choin 

The approach of Pauling and Sheehan arbitrarily 
assume.* that the carbon in CO and CN is everywhere 
divalent as in CH and (\, from which the value ot 
1 73 ev is obtained for the energy level of the divalent 
carbon atom Thu is undoubtedly true for the. X l E 
ground state of CO, which contains no unpaired 
electrons However, the molecular properties of the 
X l E ground state of CN suggt st a triple bond and 
tc travalent carbon (as in N^C—C=N, lor example) 
Thu is in harmony with its chemical properties, 
whieh indicate that the free valency is on the carbon 
Since the change from divalence to tetravaknee in¬ 
volves the promotion of an s electron on the carbon 
atom, the process will absorb energy Accordingly 
the figure to be 1 mployed here for the valence energy 
is not that for divalent carbon but that for tetra- 
valent, namely 63 ktal or 2 8jev* Diducting 
a 8a tv plus 1 84 ev (the valence energy of nitrogen J ) 
from the figure provided by the extrapolation pro- 
e edurc for CN ( X *JP), namely q 85 evyields 5 19 ev 
for D(CN), which agrees closely with one of the 
possible spectroscopic values, nygkcal or 11 ev, 
considered elsewhere 1 looked at the reverse way 
the spectroscopic value for D( CN) provides the esti¬ 
mate a qo cv for the valence energy of tttravale nt 
carbon 

Combining the foregoing value for .D(CN) with 
the entirely experimental relationship 1 
D( CO) D(CN) - JD(Na) + 178 3 kcal (7 73 cv) 
it is seen that 7 )(N,) = 7 38 ev and D(CO) =- q 14 ev 
satisfy the equation remarkably well The alternative 
value 9 76 ev for 7 )(N,) demands too low a value 
8 cv) for Z)(CO), which confirms the contention 
of Pauling and Sheehan that it may be excluded 

Hie latter authors derive the energy required to 
rupture tht G—C link in CtNa by adding a con¬ 


jugation energy to the energy of rupture of the C—C 
link in diamond Since the first process leaves the 
carbon in the tetravalcnt state, the comparison is 
only valid if the same stipulation u made regarding 
the latter, the energy of which consequently amounts 
to one hall the heat of sublimation of diamond to 
carbon atoms in the trtravalent state In deriving 
their equations, however, Pauling and Sheehan tacitly 
ide ntify this with the heat of sublimation to ground 
state atoms, which appears in a thermochcmical 
equation involving Z>(CO) This, apart from other 
uncertainties introduces a large error into the values 
whir h follow for D( NC—( N) and D(CO) That for 
the latter (q 77 ev) is seen not to satisfy the fore¬ 
going experiment'll relationship with either value of 
Z)(N.) 

In conclusion, it is instructive to reflect that (N 
should possess a low lying state containing divalent 
carbon and a double bond Accordingly, the first 
exc ited A *77 state, with its markedly increased bond 
length, provides a linear extrapolation limit at 8 qo ev, 
a value considerably below that for the ground state 
The difference is o 95 ev which, as expected, closely 
agrees with the difference in valcnct energy of tetra- 
valent and divalent carbon (<2 82 — 1 73 -- 1 oq 1 v) 
Again, the lowest excited (a * 77 ) state ot CO with its 
two unpaired electrons provides a further example 
of trtravalent carbon and extrapolates to a limit 
situated above that for the ground state by an almost 
identical amount (12 3J - 11 23 - 1 10 ev) Barring 
an extraordinary coincidence this is excellent con¬ 
firmation of the loregoing interpretation, which not 
only interrelates J 3 (CO), Z)(CN) and D{ N,) on a 
satisfactoiy experimental footing but also accounts 
for the hitherto unexplained discrepancies in the 
linear extrapolation limits of the ground and rxcitrd 
states of the CO and CN molecules respectively 

Deducting now the appropnate valence energies 
from the extrapolation limits of the X 1 E and 
a *77 states of CO yields 8 76 and 8 77 cv respectively 
as estimates for D (C O) This suggests, in conformity 
with the foregoing, that the spectroscopic value 
9 14 cv, corresponding to ia>)okcal for the heat of 
sublimation of graphite to ground stale atoms, is 
more probably correct than any higher value 

L H Lonc 

Washington Singer Laboratories 

University College , Exeter 

{Received Mery 1950) 
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Commentary: An Evaluation 
of Animal and Human Mentality 


There is a marred itnwillinonfss today on the pait of zoologists to 
concede powcis of reasoning, of conceptual thought, even of intelligence, to any 
animal but man, though grudgingly a concession is made perhaps in the case 
of the higher apes These, some zoologists agicc, may have the ghmmenngs of 
such mental processes It is an inevitable reaction to a lormcr pievalrncc of 
anthropomoiphic writings and utterances , but in permitting this reaction lull 
play the zoologist, aided by the attitude of the philosopher, has succeeded in 
establishing a wide gulf between mankind and the rest of the animal kingdom 
Paradoxically this has happened concurrently with the growth of a firm belief 
in the close kinship between the two So we have the unquestioned and almost 
slavish devotion to the idea of man being the only reasoning animal 

It may be unpopular, but it is the purpose here to suggest not only that we 
should look for and expect to find in animals mental processes comparable to 
those possessed by man decreasing in intensity and specialization as wc descend 
the scale of anatomical specialization—and that human behaviour is less actuated 
by reason than we commonly suppose , but that the mental prex esses of animals, 
and especially of the higher vertebrates, have moic of reason, intelligence and 
conceptual thought in them than we are usually piepared to allow 

The first obstacle to an analysis of this problem is basically historical Before 
biology, whether human or animal, had established itself as a science, the 
philosophers had commenced their investigations of the mind , the words reason, 
intuition, intelligence and the like were bung employed to describe observed 
mental phenomena In course ol time, il not at first, it happened here, as happens 
in all cases of special study, that the investigators subdivided the field for con¬ 
venience’ sake and later lost sight of the fact that such subdivision is no more than 
an artificial aid Instead of treating these things as individuations of a single 
process, reason, intuition, intelligence and the rest appealed as single entities 
ielated to but independent of each other It is the tyranny of words in another 
form and is epitomized in the zest with which Descartes seized on the pineal 
as the scat of the soul We have, in the same way, tended to divide the individual 
into mind and body, and only belatedly—and by a few—is there the active 
realization that body and mind are but individuations of a single entity 

We may speak of reason, intuition, intelligence, conceptual thought, ol the 
conscious or unconscious mind We may subdivide even farther For example, 
we may speak of discursive i cason, intuitive reason, speculative reason, theoretical 
reason, pure reason, but in so far as we fail to relate these to the total processes 
from which they spring so far shall wc get them out of perspective Unfortunately 
this is what is normally done, for these subdivisions are essential for special 
or practical application Hie fault lies in this, that in returning to the broad 
problem we forget the roots from which they sprang and forget where the 
branches they^ represent join the mam stem 
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The growth of an individual—leaving aside 
the various vegetative types of reproduction— 
starts with a single cell, the fertilized ovum 
This divides into two, apparendy similar cells, 
and these into two again, and so on Theie is 
up to this point no indication of mind and body 
as separate entities 1 here comes a time, how¬ 
ever, when in the giowth of the embryo theie 
is a differentiation—an individuation— of endo- 
derm and ectoderm, with later a third layer, 
the mesoderm (in all but the lowest animals) 
The finer points of the structure, function and 
behaviour of these layers of tells ran be ignored 
here Two things only need be emphasized 
that all tells, ectodermal, mesodermal or endo- 
dcimal, have a tommon origin, similar sti ucture 
and are interdependent, and that all sensoiy 
oigans aie ectodermal in origin 

lo amplify the fiist of these two points, we 
may say that in simple teims the ectodermal 
layei supplies the outer covering ol the body, 
the biain, the nerves and the sense-organs , the 
mesodermal layer provides the frame or 
scaffolding, the must les, bones and mesenteries, 
heai t, blood-vessels and lungs , the endodermal 
layei is concerned with keeping the rest alive 
and supplies the alimentary tract and othei 
associated structuies It might be possible at 
this eaily stage to differentiate lietwcen mind 
(» ectoderm » all neivous and sensoiy stme- 
tuits) and body (» endodtrm 4 mesodeim) 
Even this would be an oversimplification, but 
less so than at a later stage , for when the body 
is fully foimed such a division would leave us 
with the mind including the skin, hair, nails 
and sweat-glands, as well as the brain, all the 
nerves and all sense peiceptors sut h as ears, 
eyes, nose, tongue even to the touch-pei ceptors 
over the whole suiface 1 his argument flavours 
of the rcductio ad absurdum and is intended merely 
to emphasize that fiom start to finish body and 
mind are one in origin, function and pur¬ 
pose 

f l he importance of this point is that whatever 
happens to the body (or soma sensu ttricto) must 
inevitably afTect all processes of thought The 
food we eat, the air we breathe, the way we 
carry and use the soma, all have their reper¬ 
cussions on the working of the brain What is 
more, from all we know of the fine structure of 
the cells, together with the gross anatomy of the 


organs they comprise, there is no reason to 
suppose that the minds of animals are different 
in origin, structure 01 function, or in the extent 
to which thev are influenced by the soma, from 
those of human beings Moreover, it seems from 
the comparatively small result produced by a 
mass of so far little cooidmated observational 
and experimental work on the behaviour of 
animals that we may logically assume that the 
difference is quantitative only Indeed, from a 
biologically histoncal point of view, if we claim 
to find an easy transition from the Protozoa to 
man (1 e an evolution) in matters of anatomy, 
morphology and histology, then it is surely the 
simplest unassailable logic that there should be 
as complete a transition or evolution m matters 
psychological For example, we may claim that 
the pigment spot in a Engl cm is the forerunnei 
of the highly complex human eye, and that 
theie is an easy, if not unbroken, sequence in 
the evolution of the vertebrate eye from the 
pnmitive ocellus by the addition of a lens, the 
piolifciation of pigmented cells to form a 
tetina, the addttion of a diaphtagm and the 
connection of the whole to an optic nerve We 
may take each organ and tissue in turn and 
show a similar sequence and, theiefoie, pre¬ 
sumably a similar evolution We may even 
show the same sequence in the evolution of the 
biain As a mattei of comse we should expect 
the manifestations of the activity of the brain, 
its behaviour or mental processes as we normally 
call them, to show a similar evolution The 
human kidney is in function and structuie 
similar to the excretory organs of a plananan 
worm It is more specialized and moie complex 
but no one would deny that it is excretory And 
between the two, as we pass up the animal 
kingdom, can be found a whole series of mter- 
gradations The same thing holds true for any 
other primary organ , so whv not fo\ the 
hi am > 

Either we must accept this thesis and admit 
that the manifestations of mental abilities found 
m the human being can be traced to their source 
at a low point in the animal scale or we must 
discard the theory of organic evolution as a 
working hypothesis It may be—and, indeed, 
it is highly probable—that a modification of our 
present scheme of evolution will be necessary 
Nevertheless, short of accepting some form of 
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fundamentalism, to deny entirely conceptual 
thought, intelligence, reason or any other of the 
higher forms of mental acUvity in animals 
other than man (with possibly the higher apes) 
is to invite a drastic revision of biological 
thought In other words, amoeba can be 
credited with a nascent intelligence even though 
we have so far failed to demonstrate it , and 
we must at the very least reserve judgement on 
—certainly not dende—those who live con¬ 
sistently close to higher animals and claim for 
them mental powers which the laboratoiy 
zoologist is at piesent unable to admit 

It is possible there is a second vectoi in¬ 
fluencing the attitude of mind which is being 
cutici/ed here Not only is there the tendency 
to underrate the mental potentialities of the 
brute kingdom, there is an even greater tendency 
to oveistate the mental performances of the 
human We are given to understand that our 
human anceslois can be dated back a million 
yeais, yet if we date the dawn of civilization 
at 10,000 years ago we are giving a liberal 
estimate Admitting that the cranial capacities 
of the, at present, hypothetical ancestois of a 
million years ago were less than that of their 
present-day descendants, we may perhaps pre¬ 
sume that their mental abilities weie gieatei 
than those of any known anthropoid ape Wc 
aie told often enough that the difleiences which 
serve to segregate man from thi brute so 
markedly are the ability to leason, the powei 
of speech and the opposable thumb In this 
statement it is clear that the ability to leason 
is given pride of place—as well as being treated 
as some peculiar and special property of the 
human brain Yet, in spite of these thiee re¬ 
markable attributes, it has taken the human race 
a million minus ten thousand yeais to climb 
painfully from the brute state to the dawn of 
civilization Moreover, in these short ten 
thousand years (probably much less) he has 
achieved the full blossoming of the civilization 
we know today Which, then, of the thiee 
peculiar abilities is primarily responsible foi 
this final and tiemendous spurt 7 The question 
is significant 

It is difficult to believe that the human ability 
to reason has increased sufficiently in this time 
to account for this last spurt Cranial capacities, 
even if we had suf^cient data, cov^ld be mis¬ 


leading The shrew with a brain the size of a 
pea has as great—though not as long—a 
capacitv for living as an elephant with a biain 
the size of a football We could, guardedly, say 
it is no less ‘intelligent ’ As it is, however, 
even the known cranial capacities of early man 
hardly constitute a few random samples taken at 
long intervals On top of this there is the consi- 
deiable empirical evidence that man shows no 
greatri exercise of teason today than he did a 
thousand, two thousand 01 three thousand years 
ago On the conti ary, there is evidence that 
his unsolved pioblems of living aie met casing 
in number at an accelerating rate Presumably 
all hommoids had an opposable thumb, so that 
we ate left with the third and last pecuhai 
ability, the power of speech, to explain man's 
dominance The available evidence suggests 
that tins is of compaiattvelv recent develop¬ 
ment 

Man’s achievements in the last few thousand 
yean do not lie m the field of wisdom In fact, 
one is tempted to suppose that heic theie has 
been, in this parltculai, retrogression In clever¬ 
ness we have forged ahead, but this is almost 
entirely a technological achievement, the 
result of being able to grasp and use tools and, 
what is much more important, build up a 
cultural inheiitancc of books, buildings and 
implements of all kinds to enable succeeding 
generations to profit by the achievements of 
those that have gone before Chionologically 
we might expect that the use of articulate 
speech, and paiticulaily of wilting, antedates 
by vuy little the dawn of civilization and is 
primal lly lesponsible for the rapid growth of 
so-called human progiess Using, again, the 
reductio ad absurdum, let us try to visualize a com¬ 
munity of human babies planted at the momeni 
of birth in the middle of a prairie where they 
could not at any time catch a glimpse of 
civilization or of civilized human beings If— 
assuming they could survive until the normal 
weaning period—such a thing were possible, 
they would start the long million-year climb 
and their descendants would probably aruve 
at the end of the time with a civilization much 
as we now have In the meantime, howcvei, 
would an invisible observer see in them any 
markedly greater mental abilities than in, say, 
a similar swarm of chimpanzees 7 In other 
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woids the achievements of civilized man are 
due not so much to inherent abilities as to 
being surrounded by an inhented aitifinal 
environment, with the advantages of a cultural 
heritage, which must ol course include the 
system of education 

It docs seem that wt look aiound at the 
tremendous achievements of civih/ed man , we 
take note of our own individual achievements, 
based on the advantages of a cultuial hentage , 
and we see with pnde the earth, sea and sky 
subjugated to our whims At that moment we 
deceive ourselves into accepting these things as 
individual achievement Even the most humble 
of us piobably do no more than ucdit the 
present generation, maybe with the help of the 
two previous geneiations 01 so, with the achieve¬ 
ment It must be seldom that a homo sapiens 
lecalls that it is the product of a million ycais 
and of millions of individuals In fact, if a man 
stops to reason he leali/rs that reason has had 
little to do with it, and that, lionically enough, 
man has individual]) compaiatively little ability 
to reason The achievements ol the human tace 
aie the accumulation ovei many years of many 
individuals having mental capacities slightly 
gieater than those of the best-blessed animals 
What each individual does possess, however, 
is the advantage—and this is what maiks 
him most ol all horn the brute—of being able 
to express himself in the spoken word by 
imitating his parents and in the written word 
by icteiving suitable guidance fiom speciallv 
trained mentors 

It is usual to postulate that man is a conscious 
animal, conscious of himself, and that this is 
another peculiar feature setting him apart horn 
the mere brute Ceitainly he is conscious of 
his achievements but that does not make the 
actions or motives leading to the achievement 
conscious actions or motives We know that a 
cock blackbird sings well in spring because 
his reproductive glands aie in full condition , 
but we have no means of deciding whether or 
no he is conscious of the achievement repre¬ 
sented by that song Some of us suspect he 
may be conscious of it, and proud of it Again, 
the detei mining factor in the hen blackbird’s 
building of a nest is endocnnal This does not, 
howevei, exclude the possibility that she u 
consciously proud of her work Those who live 


Hose to animals are inclined to believe in this 
conscious pnde, in their offspnng or in other 
miscellaneous and lesser achievements A cock 
blackbird will flee a prowling cat outside the 
breeding season, but let that same cat menace 
his fledgeling brood and he will * dive-bomb * 
the cat with lion-heat ted corn age llv* ac¬ 
tuating motive is clearly endocnnal , but there 
is surely a consciousness of danger, a con¬ 
sciousness of parental responsibility and other 
things beside In any case, as postulated ear her 
in this article, all mental effort is based on a 
physical plexus of events, and all animal be- 
havioui is the lcsult of a psychophysical inter¬ 
dependence, whethei conscious or unconscious 
And the same is true for man In othei words, 
human behavioui is like that of all animals 
fundamentally intuitive and consciously rational 
to a very minor dcgiee only 
/ 

A slight digiession mav be profitable at this 
junctuie to amplify one point the use ol the 
word ( intuitive 1 lhe human biain at the 
moment of both is void except foi the inhented 
reflexes and possibly some ‘facial memones* 
I‘iom the moment of birth the sole contact with 
the world is thiough the senses and theie can 
be little doubt that the wealth of minutely 
detailed impressions passed thiough them to the 
biain is immense lhis wealth of sights and 
sounds, tastes and smells, and tactile impressions 
oi both minor and majm unpoitance, and of 
infinitely varied type and quality, fill in the 
background of what we call experience Their 
1 e-sot ting and rc-gtouping, then amalgamation 
and synthesis by the brain cells is continuous 
and involuntary Then influence on out 
thoughts, consc ious and unconscious, is none the 
less tremendous because normally unheeded 
These aie the intuitive—the non-consciously 
learned—experiences, and the intuitive be¬ 
haviour they produce forms moie of our daily 
rouune than does that an&ing from deliheiate 
learning They aie responsible for moie of our 
conditioned reflexes than we suspect Moie- 
over, these same inhented reflexes, possibly 
racial memones, and intuitive behavioui differ 
little in quantity and quality as between human 
and animal except in so far as anatomical 
specializations differ In other words, depnve 
the human race of learning denved from books, 
the use of tools and all other components of our 
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cultural heritage and the margin between thr 
human and the best brute is a small one 

Occasionally there comes to light a case in 
which a child has been kept in a bate room Tot 
years, without toys or books, without contact 
with normal society In all such cases the 
children are near-animals , in the more extreme 
cases they have haidly the power of aiticulatc 
speech Such cases throw into bold relief how 
much wc depend for our vaunted mental 
supenonty on mu ability to make use ol records, 
whether in books, metal 01 stone, handed on 
liom geneiation to generation 

The purpose here, as already stated, is to 
suggest that we eir in denying in other animals 
mental potentialities similar to our own, though 
the\ be quantitatively info tot Human be¬ 
haviour is determined by the same plexus of 
inheiited, unconditioned leflexes, to which are 
added the conditioned reflexes denved irom 
txpenence (which includes a protracted petiod 
of education), and these in turn are influenced 
by seasonal and diurnal metabolic changes and 
rhythms It appears more purposive and 
rational to us because it is 1 elated to an en¬ 
vironment which we understand , and it is well 
to lecall that domesticated pets 01 wild animals 
hand-fed fiom bnth and hxated on human 
beings appeal to us more intelligent than their 
wild brotheis foi the same teason If, however, 
we can discount the appearance of purpose and 
rationality denved from this environment—this 
cultural inheritance—then the manifestation of 
human mentality, viewed objectively, would 
show comparatively little moie of teason, in¬ 
telligence or conceptual thought than many 
species of mammals or buds 

If we arc to evaluate successfully the absolute 
mental potentialities of animals it will be 
necessary not only to observe and document 
moie closely their actual behaviour but to 
relate it to then environment And in com¬ 
paring it with our only yardstick, our own 
experience of human mental potentialities, we 
must make due allowance foi man’s tiemendous 
advantages in the expression of thought The 
grasping thumb and the power of aiticulate 
speech are tools only, linked with mental pro¬ 
cesses but not an integral part of them It 
would* seem that tpo often in our assessment of 


human mental abilities we are prone to judge 
the powei of the dynamo by the efficiency of 
the tools it drives 

A last woid may, peihaps, be pu milted on 
the need foi caution in our observation ol 
animal behavioui Undci simple conditions it 
is possible foi a human being to live quite well 
for the major part of his time without active 
thought That is, unconditioned and con¬ 
ditioned reflexes aie sufficient foi noimal living, 
the higher mental ac tivitics t e thought, being 
called into play mainly in moments of stress 01 
crisis Chven that animals are not puic 
automata, we should expect the same to be 
exactly tiue for them toi the greater patt of 
the time, there. Pore, we should expect their 
observed behaviour to be a manifestation of 
these reflexes Behaviour manifesting anything 
moie than this must neccssanlv be lare, and its 
observation the result of the lucky accident 
Perhaps much of our scepticism msrs hom an 
increasing unwillingness to accept those things 
that cannot be tested in a laboratory But in a 
laboiatorv we cannot lest ‘ ci lsis-behavioui ’ of 
a whollv unnatural kind [It ma\ be accepted 
that only the mote successful human beings, 
and moie especially those living undei civilized 
conditions, aie subject to an abnormally high 
incidence of such 4 crisis-behavioui 1 | 

It may lie that, in what has been said here, 
the case foi the non-human animals has been 
ovet-stated and that foi the humans under¬ 
stated in some particulars It would be sur¬ 
prising if this were not so, foi in this space 
generalizations only aie possible and we are up 
against the initial diflieulty that the human race, 
including fossil men, comprises a handful of 
closely similar species, whereas the rest of the 
animal kingdom, even excluding fossil species, 
comprises nearly a million veiv diverse forma 
Nevertheless, two things can be claimed A 
timely warning may have been sounded against 
undei-tatmg the mental capacities ot animals, 
and against overrating those of human beings 
As to the last point, the moat valuable service 
that can be rendeted to the human race in this 
era of breath-taking technological development 
is the inculcation of a little humility regarding 
the potentialities of thr human brain 

M Burton 
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Measuring Fringe Orders in Photoelasticity 

WAP USHER, BA, AMIMrchE 
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Certain transparent materials become doubly 
refracting when stressed , this double refrac tion 
can be shown and measured by placing the stressed 
material in a polamiopc In Us simplest form the 
plane polariscope consists of an optical bench with 
a single light source and two polarizing devices , 
for photoclastic work this m&truint nt is usually 
converted into a circular polariscope, by thr insertion 
of two quarter wave plates 1 he amplitude of light 
vibrations in such apparatus is the same in all 
directions normal to the direction ol piopagation 
I hr nuol prism has been superseded as a polarizing 
device in phnioclastKity by Polaroid , transparent 
sheet material containing specially orientated uxio- 
quinine sulphate crystals which have the property 
of transforming a lay of unpulanzcd light into two 
plane polarized rays and absorbing one of these, 
a light wave being transmitted which is uniformly 
plane polarized 

IOHMAl ION OF INTERFtRlNCF IRINGbS 

A ray of polarized light entering normally a sheet 
of doubly refracting material subjected to stresses 
in its own plant is transformed on entry into two 
rays polarized re spec lively in the planes of maximum 
and minimum principal stress It ran be shown 
mathematically that these ptineipal stresses are 
always mutually at right angles and that there is no 
shear stress along the planes of principal stress It 
u conventional to regard a tensile stress is positive 
and a c ompressive stress as negative 

The stress-optti law —The velocity of transmission 
ol each of the rays differs from that in the unstressed 
material by an amount proportional to the assoc lated 
principal stress Hence on leaving the sheet one 
ray has been retarded relative to the other by an 
amount proportional to the thickness of the sheet 
and to the algebiaic difference between the principal 
stresses, a statement known as the stress-optic law 
This law is expressed by the equation 

R = Cd(P — Q,) (i) 

where R is the relative retardation in AngstrOm 
units, d is the sheet thickness, and P and Q, are 
respectively the maximum and minimum principal 
stresses ( is a constant for the maternal and u 
called the stress-optical coefficient it is expressed 
in brewsters (io“ 11 anodyne), a unit named after 


Sir David Brfwster, the formulator of the stress- 
opUc law 

Prxnge order — If the relative retardation amounts 
to one wavelength oi any integral number of wave¬ 
lengths the emergent rays combine to form a ray 
\ibrating m exactly the same plane as the entering 
ray, in a t rossed polariscope this ray will be 
extinguished If a completely stress-free photn- 
elaatic model is placed in a ciossAd polariscope 
te with the analyser set so as to produce extinction 
of a direct ray, the light passing through it will fx 
extinguished and the whole model will appear dark 
When load is applied to the model the stress 
distribution is delerminrd by the shape of the model 
In general {P — (£) vanes from point to iximt 
this variation causes similar vanations in R % since 
( and t are constant throughout the model With 
monochromatic light the fringes whi rt R is a whole 
number of wave lengths appear dark being separated 
from each other by bright fnngrs The relative 
retardation expressed in wavelengths at the successive 
dark fringes is known as the fringe order Black and 
white fringe photographs show the fringe pattern as 
viewed in monochromatic light 

Ptt>urt i shows a fine example ol black and white 
fringe photography 1 , obtained with a model made 
from GlyptaU BT 6/ By^ a synthetic resin prepared 
from polyhydne alcohol and phthalic anhydride 
The two elongated projections were equally loaded 
normally at the centre of each upper flank, as shown 
by the arrows 1 he bending moments on the 
projee tions, combined with thr curvature of the fillet 
produce stress concentrations on both sides of the 
roots ol the projections , at the tip of rach projection, 
which is stress-free the fringe order is zero Along 
the unloaded part of the boundary there u only one 
principal stress, P if tension is involved, Q. d com¬ 
pression The fringe order at any point on such a 
boundary therefore indicates the value of this 
boundary stress The peak values, which are very 
localized, are indicated, as well as the point where 
the boundary stress changes from compression to 
tension 

The higher the stress-optical coefficient the greater 
the fringe order for a given (P — Q,) and t Thus for 
the most convenient thickness, say Jin (64mm), 
the maximum useful fringe order depends on 
thr stress-optic al coefficient and on the limit oi 
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Figure / HI let strew* due to loads ott projet lions 
Model Jrtnge value jjj lb I in 1 (jj 34 kg/im ) 
ThuXntss o s6j in (6 68 mm) Loading joo lb 
(90 72 kg) per tooth 

Reproduced by permission of Dr R B Heywood 
and the Institution of Mechanual Fngmeers 

propoitionality of retardation to stress which may 
lx as high as 01 even high* r than the elastic limit 

When white light in use d the first order extinction 
can only occur for one particular wavelength at a 
time Thun a coloured band is seen, the colour 
being that complementary to the extinguished light 
Consequently (or retardations varying irom zero 
upwards the first visible light to be extinguished u 
that with the shortest wave length 1 e the violet 
Simdarly the last primary extinction is that of the 
red, leavmg green Hem e, starting from darkness, 
a definite sequence of complementary colours is 
obtained for iht whole range ol the visible spectrum 
With retardations greater than one wavelength in 


the extreme red the cycle is repeated with rather 
simpler colour variations Attempts have been made 
to m« asurc the retardation by colour matching , but 
this is somewhat crude and inaccurate 1 he purpose 
of this leview is to discuss the various methods of 
measurement which are, as far as possible, 
independent of personal judgement 

Table / shows approximate values lor the stress- 
optical coefficients, Young's modulus, and the 
c las tic limit of some common photoelastic mate rials 
from which it can be inferred that the highest useful 
fringe order vaius greatly with the nature of the 
material, and that the choice of material decides the 
method ol measure ment 

DEFINITIONS OF PHOTOELASTIC 1 LRUS 

It is necessary to explain two terms now current in 
photoelastic work, the material unit fringe value and 
the model fringe value 

Material unit fnnge value t F — Equation t gives 
the relative retardation R in Angstrdm units for a 
thickness d mm when C is expressed in brewsters 
and the principal stresses P and Q, arc in bars 1 e 
megadynes/cm 1 In practice, engineering units 
are employed for d and for (P — QJ Lquation 1 
still applies if C is measured in appropriate units 
Thus 

R=rCxd<(P-Q) 

A cm kg/cm* 

where C is in units of 1/9 81 brewster, or 

R-^Cydx(P-<l) 

A in Ib/in 1 

where C is in units of 1/1 75a brewster 
Hun for unit thickness, the fnnge order 

*-J-J ( |.-eu 

Ihus for N — 1 

(P-Q.)^ X C -F (J> 

where F is the material unit fringe value 


Table I Properties of Photoelastic Materials 


Stress- | young's modulus Stress-strain 

! optual ,--1 proportional limit 

Material coefficient | 10* I 1 Creep --— - 

| C 1 Ib/tn 1 \ kg/cm 1 ] , M/m 1 kg/cm* 


BotouIkoU glass 1 

Plexiglas\* 

Perspex f 1 

a J 

100 

703 000 

Negligible 1 

8,700 1 

bio 

1 4 “fi 1 

1 5 

i 3 V 50 i 

Negligible up to 7 000 lb , 
( 3 ,n 8 kg) 

7,000 

490 

Celluloid ] 

5 4 “ 9 ®t 

a VJ3 

| 18,000-23,0001 

Moderate 

— 

— 

1 

CR J9 {aUyl styrene rtnn) 

1 | 

*0 35 | 

a 8-3 

119 , 000-31 OOO | 

Small below 15 C 

1 7.ooo 

490 

Glyptal {e g BT 6i-8&) 

Phenol formaldehyde resin (e g Catakn rod ) 


63 
■ 9 t 

I 44 300 ] 

I 13*500 1 

1 

Very slight 

Considerable 

5.500 

390 


* Unplultcucd t lncrrun with tfuq $ Dependent on loading Una 
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Model jrmge value — In a model of thickness d 
made from a matenal where the unit fringe value 
u h the pnncipal stress difference giving a fringe 
order Y is FN>d Fid 11 known as the model fringe 
value Thus, to convert fnngc'order to stre ss, wt have 

(P — Q,) «=> Fringe order v model fringe value 

(J) 

Although the material fringe value for a given 
wavelc ngth is chara U ristu of the material, varying 
inversely as the stre s-optical sensitivity, it may vary 
slightly from batch to batch and is dependent on 
temperature It is also affected by creep In 
practice, therefore, the model ftinge value, when 
required, is determined b> loading a simple 
calibration specimen cut from the same sheet Hie 
fringe ordc r is observed at a part of this sp« rimen 
where the stress is uniaxial and can be exactly 
calculated from the applied load \t such a point 
al Q. 0 an d P " 1 (a known value), T/M is the 
model fringe value For material* subject to creep 
the time of loading must be the same m the 
calibration specimen as in the model 

MEASURKUFN1 OF 1R1NC V ORDFR 

Two distinct methods of measuring fringe order are 
employed , measurement by fringe count, which 
is used with highly sensitive materiel*, and 
measurement by compensation 

Measurement by fringe count — In an instance such 
as that shown in figure / it is suflicicnt, in measuring 
the peak boundary stress, to estimate the fringe 
order to the nearest half unit by inspection of # he 
photograph, since the maximum fnngt orders are 
quite high It is seldom possiblt completely to 
avoid time edge stress A small amount of edge 
stress is tv idem in figure j from the suddc n i hange 
in direction of the hinges near the boundary 
However as was shown by R B He\wood*, it is 
possible to correct Imundary fringe observations by 
taking a set of rt adings at different loads and plotting 
fringe ordti against applied load This method was 
employed in evaluating the fringe orders in figure / 

Greater accuracy can be obtained at lower fnnge 
orders by observations on the model itself first with 
dark fit Id and then with field of maximum brightness 
The light and dark fringes are thus reversed i e with 
bright held the centres of the dark fringes give 
positions of exact half integral fringe orders It will 
be seen that, the model fringe value bting known, 
estimation of (P — Q.) requires no special apparatus 
when thert is a sufficiently high fnnge order since 
the fringe orders an apparent 

Afeasurement by compensation — It may not always 
be desirable to use a matenal with a high stress- 
optical coefficient , or igain, it may be necessary to 


employ a sheet, or a slice, of matenal much thinner 
than normal The ratio of thickness to the size of 
geometrical features eg holes, is hmited by the 
necessity for ensuring that no appreciable stress is 
present in a direction noimal to the plane of the 
sheet Also, too thick a model causes a space effect 
at the boundanet , | in (c i cm) is an outside limit 
for plane photoelastic models Such materials as 
glass, celluloid, and Pltxiglat do not permit a fringe 
order greater than one for glass to four for Plexiglas 
When these materials arc used the fnnge order must 
be measured with an accuracy of 1/10 to i/jo fringe 
or higher This is done by compensation i e by 
introducing a measurable counter rtlardatinn just 
suflicicnt to resLore darkness I he net retardation 
is then zero Compensation wi h instruments is 
usually earned out with white light as the counter¬ 
retardation is gradually increased from zero the 
resultant colours retrace the succession introduced by 
stressing the modtl till finally complete extinction 
indicates that full compensation is attained The 
rrtardation can then be read off on the instrument 

COMPENSATING INSTRUMENT 

Ml hough compensating instruments an rarely 
used nowadays they will be leviewcd briefly as 
illustrating the fundamental principle of photoela 3 tic 
measurement 

There arc two systems of compensation by the 
use of instruments The fust type, that used by 
Coker with celluloid models*, measures stress 
directly , the second typ- produces a relative 
retardation by crystal-optic means 

The (oker compensator —The Coker compensator*, 
a somewhat expensive instrument, might well be 
tcimcd a ‘ comparator ’ It consists of an adjustable 
frame into which a strip of material made from the 
same piece as the model is mounted The strip is 
shaped so as to product a uniform tensile stress in 
the middle portion whin axial tension is applied 
the tension is shown by a small but act urate specially 
designed spring balance To use the instrument the 
directions of pnncipal stress at the point in question 
are ascertained and the compensator is placed with 
Us axis in the direction of the minor principal stress 
so that the light from the point of the model under 
mvrsUgation traverses the middle portion of the itnp 
Tension is then gradually applied until extinction 
occurs, while light being used From the load 
reading the stress in the strip can be immediately 
deduced if this single stress is T then, from the 
itrrss-uptic law, 

(P - ft) -- r w 

It will be noted that this method is independent of 
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tempera tun variations, since these affect equally the 
model and the strip 

Babinet compensator — This form of compensator 
uses two adjustable quaitz wedges The Babinet- 
Soleil compensator is a modified Babinet type which 
gives a umfoim blight or dark field 

Berek compensator —Another type of crystal com¬ 
pensator, the Bcrtk, convenient for use m 
the polarizing microscope, pioduces differential 
retardation by the tilting ol a thin crystal slice A 
compensatoi ol this type with a held ot several 
square inches can be made by using either lcpidohtc 
or C R }Q synthetic sheet Ihtsc avoid the expense 
ol accurate grinding and polishing 


to sin 1 ((pi2) It is this relation that produces the 
alternate light and dark fringes, which are inde¬ 
pendent of the direction of principal stress 

Hence if the analyst r and its quarter wave plate, 
maintained at 4>j 0 relative to each other, are rotated 
togethei, 0 remains zero and there is no change in 
intensity lhis can easily be verified with a 
polariscope having the second quarter wave plat* 
coupled to the analyser 

2 0~0 l= ^i l It follows from equation 5 that 
the factor A is now /iro only if one or other of the 
following doublr conditions is lullillcd 

* 

^ — 0. and a — 0 
» 1 


1ARD\ MF 1 HOD Ofr COMPENSATION or 


We now come to a nu thod ol comptnsation which, 
though ttquinng no special instrument, can lx more 
accuiate even than the uistrurm nls already 
mentioned Introduced as long ago as iq^q bv 
H L Tard\ , this method set ms to have been 
unduly neglected It uses mtalion of the analyse 1 
for compensation Ihe light used must be mono¬ 
chromatic and it is necessai) that the quarter wave 
plates should be truly quaiter wave for the wave¬ 
length employed With the neutral lines ol the 
quaiter wave plates set at r 4 r j and 
respectively to the plane of polarization and the 
analyser set for extinction, wc have what is termed 
the crossed cncular polanscopc, srr bigute j 
Assume that the second quarter wave plate and the 
anaivtri are set to any arbitriry direction as shown 
m rmure 7 Take as duectional axis a line Ot not 
hxed in space, but at 45 to the neutral line ot the 
second quaiter wave plate, and let 0 denote the 
counter-clockwise angle of rotation ot thr analyser 
from the line Ov as shown 

( onsmer the ray which passes ihiough ihc model 
at a point where the birefringence is characterized 
by the diffeience in phase q? and by the angle a 
made with Ox by one 01 other of the 


^ — 0 t and a — n 
2 1 2 

since if a 0, A sin (<pj2 — 0,) and if a n'2, 
A - sin 1 (q 2 ( 0,) 

Now a — 0 or nji if one or other of the directions 
ol pnne ipal stress in the model roinc idt s with Ov 
With this condition, unless tp 0 or an integral 
multiple of 2j 1, the observed light intensity will not 
be zero in the crossed position Hence when the 
analyser only is lotattd from Ox through an angle 
g?/2 it will produce extinction 

Ihete are two possible methods ot applying these 
propel ties ot the polaiiseupe, rotation of the analyse 1 
alone or rotation ol both the analyser and its 
quarter wave plate 

Rotation of the amh \er alone — To show the dirt clions 
of principal stress, the polanscopc is itmpoianly 
converted Lo a plant polanscopc by removing the 
quaiter wave plates 1 he polarizing axis is stt in 
the direction of cither principal stress by turning 
polanzer ami crossed analyser together, until the 
centre of an isochnie lint is at the point in question 


axes of principal stress, Oy and 0z, 
btgure 4 It can be shown that the 
observed light intensity is proportional 
to the factor 

A = sm J ^ — 0) -f 2 sin 0 sin 20 sin 

(5) 

C unsidc r the conditions 





J0-O, 'ZAOQs -' AOx 45° from j Diagram of 

equation 5 it follows that unde r these rrnssedewadarpolanscopc 
conditions the intensity at any point is 0P t axis of polanzer 

independent of a 1 * of the direction of °Q-" 

r „ , wave plates CM, axis 

principal stress and of the orientation ^ LQjfiP 

of Ox The intensity*-is proportional « LdftP — 45° 


bigun j Am 
quarter wave / 
turbed, LQjfix 
L AOx ■ 


Figure 4 Directions 
Oy and Oz of planes oj 
principal stress in madeh 
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/ igure 5 Arraneemmt of fnlarutope Jot forth 
method of compensation H t polarizer Q, lf Qj 
quarter uaiv plates, 4, analyser 



The quarter wavt plates are then restored to 1 45 0 
and Ihi analyser is rotated through such an angle 0 t 
as will produrc complete extinction this produces 
a compensation tp — 20 x by measunng 0 t the 
amount by which q> exceeds, or Jails short of, an 
integral value of 2-t is known In practice there is 
no difficulty in distinguishing between the additive 
and subtide tivc dnerhons of rotation 

tor convenience in using this method it is best to 
provide a positive coupling between analyser and 
polarizer, as shown in bigure r } The quarter wave- 
plates are mounted so that they aluo rotate a spe cial 
rotary movement ol the analyser alone being 
provideci, with a scale marked directly in decimals 
of a wavelength Since 6 t — i8o u corresponds to 
a full wavelength, each 18 rotation ol the analyser 
corresponds to o 1 wavelength 

It may be mentioned here that although with 
perfeclquarter wave plates it is unnecessary to vary the 
position of the polarizer and the first quarter wave 
plate since the light entering the model will be 
perfectly circularly polarized, in practice the plates 
can never give exactly the right retardation Usually, 
however, they arc both cut from the same sheet and 
art optically equal In the crossed position, with 
equal plates, it c an be shown 4 that up to ten per cent 
error in retardation makes no appreciable difference 
to extincUon When using the lardy method 
greater exactness is required , the errors are 
minimized, however, if the plane of polarization 
roinc ides with one or other of the principal stresses 

In a model with several orders of fringes present 
the effect of rotating the analyser alone tan be 
readily demonstrated Let two neighbouring dark 
fringes be selected at a position where the directions 
of pnnnpal stress are sensibly constant , let these 
directions be set parallel and perpendicular 
reaper Uvcly to the axis of the polarizer Starting, 
as always, from the crossed position, a positive 
rotation of the analyser shifts the fringes one way 
and a negative rotation shifts them the opposite way 
For a rotation of 90° in either direction the light and 


dark fringes will have changed position it the 
effect will be the same as interposing a half wave 
retardation plate with its axis along one or other of 
the principal stresses This half wave retardation 
plate may be imagined to have been replaced by a 
C oket compensator stressed to half wave retardation 
By a further rotation c>r the analyser through 90° 
each dark fringe will have shifted to the position 
originally occupied b> its neighbour, and the 
original pattern will be icstored That this must 
be so is obvious from the fact that the analyser u 
now in the same alignment due to a total rotation of 
iBo r , as it was originally The same effect would 
have been obtainc d by me n asing the stress in the 
imagined Coker compensator so as to produce 
exactly on wave retardation HdU« foi any 
rotation 0 radians of the analyser, 0 n, the effective 
compensation produced is 0 j7t wavelength 

Rotation of both analyser and quarttr waiv platt 
Tardy used a somewhat different procedure in 
plotting fractional fringe orders in optical glass, 
where the maximum irtardation was less than 
one wavrlength Referring to condition 2, it was 
shown that with a - 0 A - 0 when tp{x - 0 t and 

that with a — n/1 K - 0 when tpU -0 t 

Whcthei tp — | or — 2 B V the fractional fringe 
order i* 0 x (n Thus viewing the whole model 
through the analyser set at angle 0 , to Ox, and 
therefore at *r /4 - 0 t to its quarter wave plate, 
extinction will occur only at the intcrscc tion of the 
fracuonal isochromaiit 1 e locus of constant relative 
retardation, 0j/a, and the isoclinics a and (nj 4 — a) 
By maintaining the same relative position 0 , te 
rotating analyser and quarter wave plate together, 
it is easy to plot the complete isochromatic Taking 
a new angle 0 t another fractional isochromatic is 
found in the same mannei, and so on 7 

PHft 1 OMETRIG ME 1 HOD FOR CREAUR 
ACGITRAC Y 

In practice, visual determination of the setting for 
total extinction at a selected point is rather inexact 
A valuable refinement employing instrumental 
means has been recently made by A F C Brown 
and V N Hit k&on" These workers have developed 
a sensitive pholoclc t trie photometer which can give 
a precision of 1/500 wavelength retardation In 
this instrument constancy of standard illumination is 
secured by means of a special circuit for providing 
constant input voltage , the only drawback to the 
scheme is the rather high cost of this unit An 
enlarged image of the model is projected on to a 
movable vertical screen on which the photometer 
is mounted A small hole in a metal plate placed 
in front of the photoelectric cell transmits the light 
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from a very small area of the model, eg with 
nine to one magnification a Jin (3173mm) 
diameter hole corresponds to a spot of only 
0014m (0356 mm) diameter on the model lhus 
observations can be made very dose to the edge, 
overcoming a defect inherent in the original Tardy 
method Although actual boundary values cannot 
be measured, these can be computed with only small 
extrapolation The following advantages are claimed 
for the photometric method 

a no personal error is involved in determining 
minimum intensity 

b good accuracy is obtained with low sensitivity 
materials 

c non-uniformity ol the field brightness or of model 
transparency are not important 

d in frozen stress work smaller loadings and reduced 
strains can be used, also thinner slices arc 
possible where boundary stresses are required at 
an edge which is not normal to the plant of 
sluing 

t the photometer shows the etritral axes of iso< lime 
bands and is able to disenminatc lx tween the 
coloured lsochromatus and the black isoclinal 

CONCLUSION 

Ihe measurement ol fringe orders, though the most 
impoitant work in photoelasticity, does not of itself 
provide the information required for a complete 
analysis in the interior ol the model 1 he photo- 
rlastician ’ must be fully acquainted with such 


analytical processes as the plotting of isoclimcs and 
stress trajectories He should be familiar with 
Frocht'i slopc-equilibnum method and shear 
difference method of integration 11 Ion’s method of 
graphical integration and, above all the iterative 
method of harmonization for drtc rminmg (P j Q) 
Ihese processes are fullv described in books and 
papets mentioned in the references*» • li 

Acknowledgement is made to the C huj S aentist oj tht 
Ministry of Supply for pernnssion to publish this article 
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Engineers unfamiliar with stcclplant conditions 
would be appalled to hear that an elegant structure 
costing as much as £100,000 was only intendrd to 
last about a year, and would be heavily damaged 
within a few weeks Further, that the roof which one 
moment looks perfectly smooth because it is operating 
20G 0 below its maximum safe temperature might 
soon be a mass of stalactites due to localized flame 
impact 

Such critical conditions are a perpetual challenge 
to the refractories technologist and this, together with 
the fact thal iron and steel works consume about 
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half the refractories ptoduccd, explains why most ol 
the recent improvements have been in this part of 
the field 

SILICA 

Almost all open hearth and arc furnace roofs are 
built of silica bricks The opinion is frequently ex¬ 
pressed that silica is already giving as much service 
as can be expected from it, but such statements 
ignore two important points 

1 the remarkable improvement in life that can come 
from a rise m refractoriness of only a few degrees 
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such as might result from a reduction ot o 5 per 
cuit in the alumina content , 

j the striking effect on durability of rtduced porosity 

Numerous reports 11 from the United Statesshow 
that super-duty silica bnrks with a total alumina, 
alkali and tilama content of less than 05 per cent 
are markedly better than the normal product con¬ 
taining 1 to a per cent of thrv impurities Lqually 
remarkable results have rru ntly been obtained m 
this country using bricks combining low alumina 
content with abnormally low porosity 

Recent research on flow patterns in furnaces* " 
suggests that localized wear in roofs is probably due 
in the main to the impingement of hot waste gases 
laden with iron oxide and moving at high velocities 
Satisfactory aerodynamic design should ultimately 
reduce wear very considerably, but the steelmaker 
will doubtless offset this gain by raising the ope rating 
temperature and hence the production rate 

One ol the difficulties in corn la ling brick quality 
with ptrlormancc has been the slowness of normal 
alumina determinations It would now appear that 
the spec tiogiaph* offers a rapid and satisfactory 
method and this, together with the split roof tech¬ 
nique developed by H M Rran>k 4 , should gicatly 
accelerate research Tn this latter mithod one hall 
of the roof is built with the standard brick and the 
other half with the experimental bnck Ihe weight 
ol mate rial used for repair in each half is noted and 
the life of the two halves expressed as a correeted 
figure representing the life which might have been 
expected had no patching ex e um d 1 f sue h com cted 
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Figure 1 SkfUh of apparatus used for spall tests 

on silica bricks 



lives are plotted 
against alumina con¬ 
tent it will be seen 
that a reduction in 
alumina content of 
even o per c rnt is 
worth a good deal 
of effort 



The spalling ol 
silica bricks due to 
excessive initial heat¬ 
ing rates should now 
be e onsidtred as 

in * * *l tut pathological 10 , since 

Ftfure a Eject oj thermal ’.hath j~ alwavs bf. 

on situ a teit piece u tdn , a ' S , 

avoided by working 

to a conllolled schedule of, for instance, if. hours to 
6oo°C Lven so the work of T W Howie 11 , who 
determined the maximum safe rate of heating for 
test pieces or full bucks heated from one end by 
means of an electrical hotplate ( Figure /), warrants 
careful study because it throws a good deal of light 
on spalling troubles During each test the tcmpeia- 
turcs at the hot faet and at various distances behind 
it arc measuied with ihennocouples passed through 
holes m the surrounding insulating bricks Figure j 
shows a typical sample after test It will be noticed 
that the cracks aic always furthest from the hot face 
at the corners, a phenomenon observed in service 
where spalling usually results in a < obblestone 
appealance on the underside of the roof Howie 
showed that the distance of the eiack from the hot 
face dee 1 eased with the rate of heating Thu* agrees 
with works observations, a silica bnek plae e d over a 
hole in a hot furnace flaking off in extremely thin 
layers As (he rate of heating is decrc ased the position 
of the crac k moves back from the hot face and even¬ 
tually it disappears This explains why roofs heated 
up with some rare, though not carefully enough, 
often start to spall several weeks after going into 
servue Observations of such roofo at the end of the 
campaign, Figure % show that thev arr frequently 
split into two halves, but that it is not until an odd 
halt bnck falls away and the key is lost that a shower 
of spalled fragments falls into the bath The bnck 
shown at the centre of the arch in higure j evidently 
cracked and then dropped a short distance before 
becoming wedged Ihe surface of the roof sub¬ 
sequently glazed over holding this evide nee of early 
cracking secure 1 ) in position 


Even where no thermal spalling has occurred a 
peculiar type of spalling, as illustrated in Figure 4, 
may be experienced It has long been known that 
the fluxes m silica bricks tend to migrate to a zone 
several inches behind the working bee If now the 
face of one such bnck comes away the low melting 
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point zones in the adjacent bricks may be exposed 
and tend to soften rhe weight of the lower parts 
may then be sufficient to pull the root into two halve* 
and melting may occur simultaneously both ^t the 
original and at the new working face 

Some ol the peculiarities experienced with silica 
bricks, particularly in reducing atmospheres, may be 
explainable in trims ot the work of C A Zappie 1 - 
who suggests that wear may soinctimts be due to 
volatilization ol silicon monoxide 

MAGNESIA 

I hen exists at the moment an urgent need for 1 
rc fractory that will withstand largr concentrations of 
iron oxide at a temperalun ol, say 1 700X Mag- 
ntsia does not melt until 2,800 J CJ / e at least i,oooC 
above the melting point of a silica roof, and can 
absorb large quantities of A nous oxide without 
serious lo^t of refractoriness It does not show the 
abnormal growth associated with chrome magnesite 
bricks, nor does it shrink badly as do some dolomite 
refractories due to the formation ol low melting 
point calcium ferrites It has not become the uni¬ 
versal refractory because it does not remain in 
position to be attacked After a few weeks of 
apparently pc rfcct behaviour it begins to 1 rat k and 
large pieces conic away from the working face 
This failure is frequently attributed to diflerential 
thermal expansion of the slagged and unslaggcei 
parts, but this suggestion is not borne out by laboratory 
tests The damage is more likely to be due to differ¬ 
ences in modulus of rigidity or to long time creep ol 
a refractory which at working temperatures must be 
rather like wet sand Many of the properties ol 
magnesia bricks are still those of the Ixrnd, no one 
having yet developed a commercial magnesia brick 
that is intercrystalhrcd 



Figures Open hearth fumact rwf showing spoiled 
bnck held ui ponton 



I igvre f S tdewaps attack on nltca too j bricks 

leading to separation of workmq Jate 


One ol the hopes of the future lies with the sei- 
water magnesia process, in which slaked dolomite 
and sea-walcr are reacted with the precipitation of 
insoluble magnesium hydroxide I his ptoccss which 
now supplies the bulk of magnesia for reiiactones in 
this country is capable of a wide tange of control 
thus a pre-war content of about 6 per cent calcium 
oxide has now been reduced to about a per cent 
It has been shown that such material used with 
chrome on yields an excellent chrome-magnesite 
brie k for all-basic furnace work 

Magnesia still supplies the standard lining for the 
basic induction furnace 11 , though here again there 
is no cv ide nc e of inte re rystallization On the contrary, 
borax and silica arc treque ntly added to the mixture 
lx cause they piomotc tht formation of forsti nti 
(2MgO SiO ) at a low temperature with a volume 
expansion that ensures steel tightness in the inter¬ 
mediate temperature zones of the lining It would 
appear that the silica dissolves in the boiax forming 
\ glass which then attacks the magnesia grains lhe 
solid forstentr formed crystallizes as a shell around 
the grains thus forcing them apart \t higher tem¬ 
peratures the forstcnli again gex*s into solution in 
the melt and a high firing shrinkage ie*ults We are 
thus presented with the phenomenon that the safest 
induction furnace linings arc usually those which 
show the worst shrinkage ciackmg at high tempera- 
tuies but a small po itive expansion at temperatures 
around i,ioo 0 C 

One other development in the magnesite field 
demands comment the increasing use of unfired 
basic refractories, not only in steel plants but also m 
copper lurnaces and cement kilns Unfired bricks 
arc now available which under certain conditions 
give lives equal to those given by fired bnrks In 
other applications severe breakdown occurs, ap¬ 
parently clue to loss ol strength 1n an intermediate 
temperature zone If unfired bricks are heated up 
in steps of iooC° to top temperature it will be found 
that in the region above 6oo Q C and below l,aoo°C 
there is a marked loss of strength, the modulus of 
rupture dropping to about one tenth of the original 
figure If now the working face is subjected to 
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stress, due for example to the rapid freezing and 
mrlting of adhering slag, the stresses set up in the 
brick may well result in fracture at the weak zone 
and a consequent loss of the working fare Slag 
adherence and weak zone formation are then re¬ 
peated followed by a further loss Once again the 
brick is not slagged or melted, it is merely broken 
off in lumps 

DOLOMITE 

Recent progress in dolomite refractories has been in 
the physical rather than the chemical field In the 
early days of the 1939-45 war great straui was 
thrown on the dolomite bottoms of open hearth 
furnaces due to air laid warnings To avoid glare 
steel was frequently held for long periods on the 
hearth after it was ready to tap As a result there 
was a serious increase both in major repairs and 
breakouts An ad hoc research committee, known as 
the Basic Furnace Linings C ommittee - Techmcal 
Panel, was formed to handle this and allied problems 
and its findings have been published 14 

The first point which imciged was that dense 
hearths could not be made out of the normal material 
because this was substantially ol one grain size It 
was essential to have a continuous grading, such as 
could be obtained by c ontrollcd pan milling If such 
a mill is charged and samples taken at intervals for 
packing density the latter is found to inertase in the 
manner shown in bxnjart 5 It will lx seen that in 
the first mill the packing densiLy rose from 1 8 to 


2 5 gm/cm* m 8 mm, whereas in the second and third 
mills 20 or 30 min were required to achieve a similar 
result The effect of grinding on the intergranular 
porosity is vividly brought out by the shadowgraph 
shown m Figure 6 The adoption of such controlled 
grinding together with the use of the optimum tar 
contc nt led to a general improvement in open hearth 
furnace bottoms throughout the country, and a 
general swing from bumed-in to lully rammed hearths 

CHROME AND CHROME MAONESITE 

C hromt on as mined consists essentially of a complex 
spinel of the type R "0 R'^O, together with 
varying amounts of gangue Ihe divalent atom is 
normally I c or Mg, and the tnvalent Cr, A 1 or Fe 
Comparatively few straight chromite bricks are now 
made, but there is a substantial production ol chrome 
magnesite bn< ks Thcst generally consist of 70 per 
cent of coarse chromite mixtd with 30 per cent fine 
magnesite 

It is this type of bnck that has come nearest to 
providing an answer to the problem ol the all-basic 
furnace, in which the silica bricks in the top structure 
are completely replaced by basic bncks The use of 
this type of construction has enabled the output of 
certain furnaces to be increased from 14 to 18 or 
even 19 heats per week Furtheimore the roof life 
in one such furnace has improved Irom 125 to about 
360 heats The thtrmal conductivity of basic bncks 
is normally rather higher than for those of silica and 
hence with similar operating 
rates thi fuel consumptions 
tend to be greater If, how¬ 
ever, full uv is made of the 
additional saft ty factor the 
fuel consumption can be re¬ 
duced by faster driving to 
less than that normally ob¬ 
tained with silica furnaces 
Tht only serious objection to 
the general use of all-basic 
c onstruc lion is the high pne c 
of chrome magnesite bricks, 
about six times that of silica 
bricks F urther improvements 
will be necessaiy before all- 
basic furnaces are generally 
economic, but the target is 
so attractive that research u 
bring concentrated in this 
field and it may net be long 
before the problem is solved 
A gre at deal of work 
on chrome was carried out 
towards the end of the war 



Figure 5 Typu.al variations of gradate and packing density with tune, crushing loads mill 
Mo 4 , is tons, Vo e, ft tons Mo rB t j tons Mote Steve classification 1—o 5 pt , 
2—0 gym, 3 -yBsS, 4 —35 B S S t 6 — yaBSS, 3 —/50 
BSS 4 perturt size 3 — 2,411 micron , 8 —104 micron 

By wrbo ef Itm W Stmi lusMmtt 
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frtgurt 6 Shadowgraph showing reduction in inter - 
granular porosity with mtlltng time Milling time 
o mm /$ mm jo mm 45 mm 60 mm 

Uy eonrlesf of from and Stool InrtttuU 


Bursting m contact with iron oxide -The expansion m 
reducing atmospheres appear* to be mainly a manu¬ 
facturer's problem due to difficulties arising from the 
tendency of chrome magnesite bricks to expand 
rapidly when they absorb iron oxide It is gt nerally 
agreed that the expansion is associated with the solid 
solution of magnetite, itself a spinel, m the lsomor- 
phous chrome spinel crystals, but just why this 
should giv< an txpansion whin other solid solutions 
e g ferrous oxidt in magnesium oxide, do not is by 
no means clear 

It has been shown that certain combinations of 
spinels art more prone to bursting than others, and 
that the eftect can be reduced by increasing the 
magnesia or gangue content of the bruk So lar, 
however, no satisfactory way of avoiding the diffi¬ 
culty has been obtained, since additions of, say, talc 
10 the brick batch to pre\ent bursting are liable to 
lead to a marked reduction in the refiactonness- 
undt r-load, which is already below that desired 
Indeed it is only by suspending either all the bucks 
in the rool or alternatively the 11b courses that any 
long term stability can be obtained The refractori¬ 
ness* unde r-load figure as normally determined is not 
low, but unfortunately creep tests carried out both 
in compression and in torsion show that such bricks 
cannot be relied on to carry a typical roof load 
above about ITns incans that the first few 

inches of a roof brick arc always soft 


by the British Refractories Research Association and 
muc h of this work has since been published 16 

Effect of reducing atmosphere — Chrome brie ki fire- 
que nlly grow during kiln hnng and in < xtreme cases 
may appear like lumps of coke at the end of the 
hnng pc nod In 1945 T R Lynam, T W Howie, 
and J H Chesters 1 *, following up certain indica¬ 
tions from German and Amencan work, showed that 
some chrome ores, particularly those high in iron 
oxide, grew very rapidly when maintained between 
600 and 800T' m a reducing atmosphere The work 
of G R Rioby 1 * has since shown that this growth 
is associated with the breakdown of ferrous chromite 
to give a solid solution of feme oxide and chrome 
oxide, which on subsequent he sting in a reducing 
atmosphere returns to ferrous chromite with a marked 
volume expansion The changes can be summarized 
by the following equation 


FeO C TgOg— 


Awf m m rodmane 
Anf m mi r Mhmspfmt 


or mxjKfn tbau 
JOO C 


df|Q, 2Gr i O t - 


-^fcO 0 , 0 , 


1700 c 


chromite spinel, solid solution of 

a constituent of sesqutoxides de¬ 
chrome grains pouted in chrome 

V grains 

no change tn 30 per cent increase in 
volume * volume resulting 
m friability ^ 


chromite 


ALUM1NO-SILICATES 

Fireclay bucks are still produced in larger quantities 
than any other type of refractory \ great deal ol 
research is being done not only by refractory teth- 
nologists but also by soil chemists on the structure 
of clay itself, but as yet there is no clear answer to 
certain clemrntary questions, such as why fireclays 
are usually more plastic than puie kaolin One of 
the major problems with fireclay bricks is their ten¬ 
dency to shrink in service and any solution of this 
problem is t omplu ated by the difficulty of obtaining 
consistent test results 17 R S Bradley and his co- 
workers 11 have recently suggested a method of mini¬ 
mizing shrinkage m service by thr addition of water 
soluble sulphates e g aluminium, ammonium or 
magnesium sulphate, to the clay batch prior to 
manufacture 

It would appear that the addition of sulphates 
results in the liberation of sulphur dioxide or other 
sutphur-nch gas at high temperatures and that, 
where sufficient glassy material is present to entrap 
the gas, bloating of the material occurs with con¬ 
sequent compensation of shrinkage 

J Mackenzie 19 has shown that there u a strong 
correlation between the behaviour of firebricks in 
blast furnace stoves and the change in their modulus 
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ol ngidny when re-fired in the laboratory Strangely 
enough both the aluminous bricks, which have been 
hard fired, and the siliceous bricks, which have not 
been so well fired, show little change, whereas the 
intermediate alumina brick shows a marked increase 
in rigidity particularly if high in alkali With the 
siliceous brick* any increase in rigidity due to vitri¬ 
fication appears to Le offset by the more open 
structure caused by bloating 

CARBON 

During the last few years there has been a big 
increase in the use of carbon in iron works in this 
country and m the United States One reason for 
the sudden interest is that research work carried out 
in this countiy* 0 suggests that carbon may provide 
the answc r to two major worries of blast fiimac tmen 
breakouts of metal from the hearth and scaffolding 
in the stack, due to the adherence of material to the 
stack lining Its use might also reduce the size of 
the so-called 1 bears ' or * salamanders ’ formed by 
thr freezing of iron in a hearth cavity when the 
furnace is blown out A study ol the cause of break¬ 
outs 11 led to the conclusion that they were not just 
the result of bad workmanship, faulty joints for 
example, but rather to the oxidation of iron pene¬ 
trating into the pores in the fireclay brick The zone 
of maximum oxidation is usually about 1 in (2 54 cm) 
behind the working face, tht ferrous oxide conle nt in 
this zone rising to as high as 15 per cent Since a 
fireclay brick with this ferrous oxide content is soft 
even at i,300°C it is ne>t surprising that large pieees 
of the lining come away and the proctss of wear is 
repeated Given a mechanically sound carbon lining 
no such effect would occur since any oxidizing agent 
penetrating the bricks would react with the carbon 
to form carbon monoxide , the only result bung a 
slight increase in porosity The entry of large quan¬ 
tities of air or water vapour would of course be fatal 
because the bricks themselves would disappear, but 
this should not occur with any well designed furnace 

A major advantage of carbon lies in its high 
thermal conductivity 1 his makes the external water 
cooling much more effective, any iron attempting to 
penetrate through the brick joints being immediately 
chilled Furthermore carbon u inert to almost all 
the chemicals likely to appear in a blast furnace with 
the exception of oxygen 1 he principal difficulty in 
the use of carbon is one of design It is not sufficient 
for the blocks to be chemically resistant, they must 
stay in position Fortunately carbon shows only a 
very slight after-contraction (of the order of 1 per 
cent) in service, and thin can readily be allowed for 
in any fully keyed or interlocking design 1 he major 
difficulty is to develop a hearth that will not lift if 
metal gets urdemeath it The registered block design 


shown in Figure 7 appears to meet ttfFfequireoient 
and so far has proved entirely satisfactory It will 
be seen that the bnrks are all interlocked both 
within the course and between courses In the latest 
installations no attempt is made to get tight joints 
between the blocks, indeed a substantial clearance 
1* allowed to facilitate installation In general several 
such courses, amounting in all to about 5 ft (1 53 m) 
in height, arc placed on a refractory concrete base, 
which in turn rests on the steel sheets lurd to seal 
off the bottom of tht hearth jacket It is assumed 
that when the furnace reaches working temperature 
and molten iron u formed the latter trickles down 
through the joints probably reaching at least the 
second or third row of blocks before it freezes In 
the top courses the iron will remain molten The 
hearth 1* held down at the edges by keying under 
the sidewall and the design is such that even if 
localized fa dure of the key structure occurred it is 
unlikely that more than an odd block or so would 
float 

The second essential is that the side lining should 
be quite distinct from the central section , it should 
consist essentially of a carbon chimney that will 
remain undisturbed even if the central hearth floats 
With large furnaces this chimney is built up to 



Figure 7 Blast (mac* hearth section shewing 
wirrhcktng qf carbon blocks 
Rtwuketd Angm, kj MWt Usj rf Ckrbkr Ui 
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water-cooled staves and between these and the outer 
jacket there is a further course of* carbon In the 
unlikely event of the molten metal reaching the stave 
coolers, spray cooling can be started on the outside 
jacket and any nak of actual breakout minimized 

Carbon is also excellent M a bosh lining In this 
region between the hearth and the stack there is 
normally very rapid attack on the fireclay brocks, 
heavy copper coolers being built m to mam tain the 
both hm* In recent installations these fireclay bosh 
linings with their expensive copper coolers are re¬ 
placed by a simple carbon lining, that may be as 
thin ms 9 in, but is spray-cooled on the outside of 
the jacket One such installation that has been 
examined after four yean’ use was found to be m 
almost perfect condition, the minimum thickness 
being about 13J in compared with the original 13£ in 

Hie use of carbon in the stack is a new and quite 
recent innovation The problem here is twofold 

r fireclay bricks tend to disintegrate due to the de¬ 
position of carbon in the lining 

t fireclay bricks show burden adhesion with con¬ 
sequent formation of scabs or scaffolds on the 
1 nude of the lining, which frequently grow to such 
a size that only half of the original working area 
is left 

Furnace operation is then irregular, output decreases 
and dust loses gready increase Tests made in the 
laboratory showed that of all the ordinary refractories 
carbon is the only one which does not show adhesion 
w^lh the burden constituents Small trials were, 
therefore, made of carbon panels m a stack and 
these have now been followed by the installation at 
Appleby-Frodinghmm of two all-carbon blast fur¬ 
naces, built without any firebricks whatsoever apart 
from a nng around the taphole and a few courses 
in the armouring region at the top of the stack The 
taphole fireclay brick* were left because of the risk 
of carbon oxidizing m this position due to air m- 
leakage or steam from the taphole stopping material 
Those at the top of the furnace were left purely as 
an economic measure, there being no need for in¬ 
creased durability in this portion* It is still too 
early to say whether the ad-carbon furnace will 
provide a complete answer both to breakouts and 
scaffolding, but one such fiiroacc has been in opera¬ 
tion for over six months and is working particularly 
smoothly 

ipFaa-aaraAOTonias 

This subject which has recently been discussed by 
R £ Bm qu 11 really demands a review of its own. 
Great progress has bee»made in special refractories 
for jet engines, atomic energy abd Other tmall con¬ 


sumption jobs, but there is still no super-refractory 
for general use Price is a nuyor consideration and 
the author agrees with Birch that magnesia, alumina 
and zirconium silicate, offer the greatest promise of 
development Much of the recent work on refractories, 
including that on metal-refractory mixtures (known 
as CtrmtLs) is still confidential, but a fair idea of the 
field covered can be gamed from the literature 11 tv 
(in particular reference 93) The chief interest to the 
normal user of refractonei lies in the unique properties 
of certain of these materials As an example it can 
be stated that sintered alumina, which would be 
fantastically expensive if put chased in. the form of 
standard squares, has a crushing strength of about 
150 times that of a normal firebnek 

CONCLUSIONS 

I he subject of refractories is still new Progress u 
rapid but the properties of the materials at present 
available are still poor compared with those theoreti¬ 
cally attainable The next few yean may well see 
big improvements now that an increasing number 
of workers is entering the field 

R^FrRENEWS 

1 Birch, R E Trans Amtr Inst min (install ) Engrs 27 
( 1944 ) 3 «o 

"Kraner,H M 1 bid 97(1944)303 
a Miller, A P ibid 97 (1944) 301 
4 Smith, L A ibid 99 (1946) 283 

* Graul, H M and Snyder, E B ibid 31 (1948) 135 

* Chesters, J H and Philip, A R J Iron Stott Inst 169 
(1949) 385 

T Howes, R S and Philip, A R ibid 169 (1949) 39a 
•Halljday, I M D and Pitnn», A R 1 bid i6a 

(1949) 40 i 

* Irish, P R Trans Amtr Inst m« (mtUdl ) n 31 
(i 94 fl) M 3 

w Chesters, J H Iron Agt 161 (1948) 79 

II Howie, T W Trans Brit ctram Soc 43 (1946) 45 
11 Zappfe, C A J Amtr ctram Soc 97 (1944) 993 

11 Chesters, J H , Lee, L and Mackenzie, J Trans 
Bni ctram Soc 48 (1949) 063 
14 Iron ondStotl Inst Sfitcud Rtp Mos 33 and# London, 1946 
11 ibid Ho 30 London, 1946 

14 Lynam, T R , Howie, I W and Chesters, J H Trans 
Bnt arm Soc 44 (1943) 63 
” Clements, F H ibid 47 (1948) 379 
u Lesar, A R , Krinbill Jr, C A , Keller, W D and 
Bradley, R S J Amtr ctram Sac 29 (1946) 70 
l * Mackenzie, J Trans Bnt ctram Soc 47 (1949) 91 
* CHumifJ H and Elliot, G D /roadf# 164 (1949) 89 
11 Iron and Stod Inst SptaalRtp Ho 30 pasa London, 1944 
“Birch, RE RffractomsJ 22 (1946) 36 
“BIOS Mik Rap Ho 107 
“Anon Bnck ClqtJUc 119(1948)68 
11 Roberts, A L Iron Coal Tr Bto 136 (1948) 999 
“ Norton, F H J Amtr arm Sot 30 (1947) 249 
“Johnson, A L, Bull Amor mm Soc 97 (1948) 233 


309 


o 




Colorado Beetle Problem 

G T GIMINGHAM, OBE, BSc, FRIC 
Plant Pathology Laboratory, Minutry of Agriculture, Harpenden 


Potatoes rank high among the staple food crops of 
the world and any factor that may senously affect the 
yield is of direct et onornic importance The Colorado 
beetle is one such factor , it is a major pest of potatoes 
in many countries and is still extending its range It 
is an adaptable insect with remarkable powers of 
multiplication under certain conditions and the pre¬ 
vention of losses due to its depredations constitutes 
a problem affecting food production on a large scale 
This msec t is therefore a subject worthy of intensive 
investigation both because of the economic implica¬ 
tions of the problem it presents and of its intrinsic 
scientific interest and, in fact, there is probably no 
other pest of growing crops that has been studied m 
greater detail 

The adult Colorado beetle is about one centi¬ 
metre in length, shaped rather like an abnormally 
large ladybird and conspicuously marked with black 
and yellow longitudinal stripes on the wing-cases , 
it can fly well, though Idng distance flights are 
unusual The female beetles lay batches of orange- 
yellow eggs , the giubs, yhich hatch in a few days, 
are at first dark brown, later becoming a bnght 
pinkish-red colour with two rows of black dots on 
each side When fully fed the grubs burrow into the 
soil, pass through a short resting stage as pupae and 
finally change into adult beetles which emerg e from 
the soil The winter a always passed in the soil in 
the adult beetle stage , those which come to the 
surface m the late summer, burrow down again at 
the onset of cold weather Both beetles and grubs 
feed on potato foliage, the tubers themselves being 
nibbled only if other food is not available If the 
insects arc present m large numbers in the early part 
of the summer, the foliage may be wholly or partially 
destroyed with consequent failure or reduction of the 
crop of potatoes 

The Colorado beetle (Leptmotarsa decemlmeata Say), 
now no notorious a pest, was at first merely an insect 
of scientific interest It was originally described by 
T Sa\, who found it feeding on a wild speciei of 
Soianum (S rostratum) when on an expedition in 1824 
to the almost unknown region of the Rocky Moun¬ 
tains Some yean later settlers reached this area 
bringing with them the cultivated potato S tuberosum 
The beetles and their grubs found that the potato 
was even more to their liking than the original host 
plant and, provided thus with an abundant food 
supply, they greatly increased in numbers, gradually 
spreading eastward Severe losses of potato crops 
occurred and at times great swarms of beetles were 


reported By 1874 the Atlantic coast of the United 
States and south-eastern Canada had been reached, 
and apprehension began to be felt lest the pest should 
be earned by ship to Europe It was not however 
until 1922 that the Colorado beetle really established 
itself m Europe, near Bordeaux, although in the 
intervening years there had been some isolated out¬ 
breaks in Germany and England, which were exter¬ 
minated by drastic action Since then, particularly 
during the war when preventive and control measures 
could not be effectively applied, the insect has 
spread and become a serious pest throughout most of 
western Europe as far east as the borders of Czecho¬ 
slovakia, Poland and Hungary It is not established 
in England though there have been a number of 
small isolated occurrences arising from beetles 
reaching the country by ship with goods from the 
Continent, the Channel has proved to be an un¬ 
expectedly effective barrier to any large scale 
invasion and the special organization maintained by 
the Ministry of Agriculture has been able to deal 
with and eradicate successfully all breeding colonies 
of the insect that have been found The greatest 
number, 57, of such attacks occurred in 1947 , in 
1948 there were 11, and in 1949 not one was reported 
Continued effort will however be needed if the 
country is to be kept free from this troublesome pest 
and the aim is to stamp out completely any colonics 
that may occur In countries where the insect is an 
established pest this is not a practicable policy and 
routine control measures to keep the pest in check 
must be undertaken 

The problem is one of international importance 
and entomologists m the European countries con¬ 
cerned have long been in touch on the subject In 
1936 a European scientific committee for the study 
of the Colorado beetle* began work and in 1947, 
on the initiative of the United Kingdom, an official 
International Committee on Colorado Beetle Control 
was formed with headquarters in Paris which co¬ 
ordinates and helps to finance operations in the 
cooperating countries, additional to the normal 
control measures undertaken 

A means of control by the application of Pans 
Green to infested crops was discovered in the United 
States at an early stage (about 1865) but it was soon 
recognized that the Colorado beetle problem 
demanded not only the urgent investigation of 
remedial measures for immediate use m the field 


* The nope of the work of UUa omnifiwn 
d Etude* de Zoolom Africole) ha* recently been 
other pe*ta of hiiernstkme] in tenet 


1 of the work of thk ornnireiion (Con mtS Eurp^dan 
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but alio long range scientific studies of the insect 
Research on the subject has been undertaken, at first 
in the United States and Canada and since igaa in 
Europe, mainly m France, Germany, Belgium and 
Holland, to obtain full knowledge of the insect with a 
view to the improvement of known means of control 
or the discovery of new methods The United King¬ 
dom has been unable to take part in such investiga¬ 
tions because of a fortunate lack of material, but she 
has greatly benefited from the published work and 
helpful cooperation of entomologists in other countries 
in dealing with the problems arising in the applica¬ 
tion of preventive measures 

Fhe literature on various aspects of the C olorado 
beetle problem is very extensive and only a brief 
review of some oi the work can be attempted here 
The chief lines of investigation have been 

r Studies of the habits, behaviour, biology and 
general ecology of the insect 

2 Studn s of the food plants, and attempts to breed 
resistant varieties of potatoes 

j The role of predators and parasites and other 
natural enemies 

4 Held and laboratory studies of direct control 
measures, chiefly insecticides, their toxicity to the 
insect and suitability for piactical use 

BIOLOGY AND FCOLOOY 

One of the striking characteristics of thr Colorado 
beetle is its ability to maintain itseli under a wid£ 
variety of environmental conditions 11 It flourishes 
best however in irmperate climates and extremes of 
heat, cold, wetmu or dryness are unfavourable 
Taking its distribution on the American continent 
as a guide, thr area in which it may occur lies approxi¬ 
mately between the mean annual isotherms of o°C 
and ao°C, thus bringing within its range m Europe 
both Norway and southern Spain It u not however 
likely that it would become a senous pest of potatoes 
near the extremes of its possible range, and even under 
favourable conditions the abundance of the insect is 
markedly affected by seasonal weather and varies 
greatly from year to year Temperature is perhaps 
the most important factor It determines to a great 
extent the date of appearance of the over-wintered 
beetles m the spring, the duration and extent of egg 
laying, the rapidity of development of the larvae, the 
movement by flight of the adult beetles and the date 
at which hibernation begins Emergence from the 
soil ux the spring becomes general when a soil 
temperature of i4°C or more is reached at the depth 
of hibernation, but this is not invariable, some 
individual* remain in the soil till much later and 
others after feeding mayfeturn to the soil Jpid hiber¬ 
nate over two winters „ 


Some feeding 11 neemsary before mating, which 
may take place before or after hibernation Eggs are 
deposited most commonly on the underside of the 
leaves, normally m batches of about 30, though 
smaller and larger batches are not uncommon Egg 
laying continues at intervals during the summer, 
sometimes interrupted by a resting period, the 
number laid by a single female varying greatly , 
500 to 800 is common, though much larger numbers 
have been recorded Under certain conditions, 
apparently associated with cold and wet weather, a 
proportion of the eggs may be eaten by the beetles and 
this cunous habit is perhaps one of the factors helping 
to account for instaned often observed of apparently 
heavy infestations failing to develop seriously When 
fully developed within the egg, the young larva cuts 
its way out with the help of hatching spines formed 
on the thorax, and its first meal is usually its own egg 
shell It then begins to feed on the foliage, under¬ 
going three moults m the course of a larval life of 
about 20 days, the length varying according to the 
prevailing temperature The greatest amount of 
fettling takes place after the third moult The larvae 
are hardy and resistant to unfavourable weather, 
though heavy ram and wind may lead to high 
mortality in the young stages , they are sluggish and 
do not leave the plant on which they were hatched 
unless driven to do so by lac k of sufficient food Hie 
depth to which the fully fed larva burrows for 
pupation is determined largely by the. nature of the 
soil, varying from 3 to 15 or more centimetres The 
pupal stage lasts from 8 to 15 days according to the 
temperature, the adult beetle then coming to the 
surface to sc ck food and a mate If food plants are 
immediately available the beetles tend to remain 
near their place of emergence but they are active and 
can crawl considerable distances in search of food 
Temperatures of 2^°C and over stimulate great 
activity and thr insects then readily take to the wing 
Flights arc normally short, not exceeding a few mile^ 
but under certain conditions, not clearly defined but 
always associated with high temperatures and often 
with stormy weather, great numbers may take to 
flight at the same time and move with the wind over 
long distances In the early days in the United States, 
before adequate control measures were available, 
such mass movements greatly assisted the rapid 
spread of the insect They have also occurred on the 
Continent leading to the invasion of new tern tones, 
apd in several instances masses of the beetles have 
come down into the sea and have been washed 
ashore on the coasts of Holland and Belgium and in 
the Channel Islands, The invasion of Switzerland by 
the pest was largely due to such mass flights earned 
by high winds from the west The movement of 
swarms of this kind has occurred both m autumn and 
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in early summer , in the United States autumn 
flights, and on the Continent summer flights soon 
after e m ergence of the over-wintered beetles, have 
been the more important 

Eggs, larvae of various stages and adults may all be 
found on the plants at the same time during the 
summer, at a result of the variable date of emergence 
and egg laying by the over-wintered beetles Under 
favourable climatic conditions there may be two or 
fcven three generations of the Colorado beetle in the 
year, but over most of its range one geaeration in the « 
year appear* to be normal When the temperature 
falls in the autumn the beetles return to the soil for 
hibernation, burrowing to a depth of 25 to 40 cm 
or occasionally deeper , they are able to survive very 
hard winters, particularly if there is a good cover of 
snow, though mortality from various natural causes is 
sometimes high during hibernation 

From this brief summary of the results of studies of 
the biology and ecology of the insect it will be seen 
that attempts to forecast the probability of its relative 
abundance or scarcity from year to year are beset 
with difficulties B Trouvelot and P Grjbon in 
France have given special attention to the differences 
in the dates of emergence and egg laying under 
differing climatic conditions in relation to the sub¬ 
sequent intensity of infestation, and because of the 
great variations observed U is concluded that even 
local forecasts need to be based on surveys earned 
out each year None the less such surveys may assist 
in providing early notice of impending infestations, 
and a European intelligence service, supplying up 
to date information concerning the incidence of the 
pest in different regions, which has been organized 
fay the international committees referred to previously, 
is proving valuable 

FOOD PLANTS 

The biological relationships of the Colorado beetle 
and its food plants are of much interest* 11 The insect 
feeds only on plants in the Natural Order Solanaceae 
and chiefly within the genus SolanuM A* already 
mentioned, it transferred remedy from the wild 
S rostratum to the potato S tuberosum when oppor¬ 
tunity offered and it will also feed on Woody Night¬ 
shade S dulcamara , Black Nightshade S mgntm , 
aubergine S melongtOjL tomato S frcopersiatm and 
outside the genus SoSman, on Deadly Nightshade 
Atrvpa belladonna and Henbane bfyoseyamus mger 

% 

The relative attractiveness of these plants and 
their suitability for development of the insect differ 
greatly Potato and aubergine appear to be thqmost 
attractive and {favoured food plants, development 
can also be completed on Woody Nightshade and 
len easily on Black Nightshade, whereas tomato is 


little attacked under natural conditions even near 
infested potato fields and beetles feeding only on 
tomato foliage become lethargic and do not re¬ 
produce Petunia, another solanaceous plant, is 
definitely poisonous to the larvae, they will eat 
enough to poison themselves when there u no 
alternative, but the plant is completely ignored if 
suitable food » available Tobacco is not attacked 

Much attention has been given in France and 
Germany to the possibility ol discovering a com¬ 
mercially useful variety of potato unattractive or 
resistant to the beetle Apparent differences in the 
extent to which existing varieties suffer from attack 
have been found to be due rather to the state of 
growth reached at the peak period of emergence and 
egg laying in the spring than to an> intrinsic pro¬ 
perty, though a few varieties appear to be relatively 
less attractive or to withstand iryury to an unusual 
degree 

A more promising line of work on this problem has 
arisen from a study of wild tuber-forming species of 
Solomon which show wide differences in suitability as 
food plants for Colorado beetle, ranging from species 
as readily attacked as S tuberosum, through varying 
degrees of susceptibility, to some with definitely 
resistant properties Adult beetles will feed even on 
the more resistant species though there is evidence 
that they are adversely affected , larvae, on the 
other hand, usually feed very little and fail to 
develop normally Among species possessing resis¬ 
tant characters & dermssum is of particular interest 
Larvae placed on this plant, although they remain 
on it, appear to lose the desire to feed , they eat 
scarcely enough to maintain life and development is 
incomplete or at best slow and irregular It is un¬ 
certain whether the foliage has a definite toxic 
action but recent work in Holland indicates that the 
effects on the larvae are mainly the result of under¬ 
nourishment and that death is due to starvation 
The attractive possibility of producing resistant 
strains of the potato by crossing S tuberosum and 
S demission is being actively pursued in France and 
Germany* though progress u slow The work is 
difficult and complicated by the fact that the results 
vary to some extent with different strains of S 
dermssum and individual larvae vary m their ability 
to survive on the plants Hybrids with some of the 
resistant characters of dermssum have been obtained 
but these characters tend to be lost m the Fi and Fa 
generations on recrossing with tuberosum and no 
hybrid has so far been produced combining renstance 
with high yields of tubers Experiments are also in 
progress with another resistant species, S chacoense 

Little is yet known of the chemical factors deter* 
mining the differences m behaviour of Colorado 
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Solomon and much fiiUer biochemical investigations 
than have to fiur been undertaken are needed to 
assist the work of plant breeders 

NATURAL ENEMIES 

The importance of the natural enemies 17 IT of insect 
pesti as factor* affecting their abundance has long 
been recognized and the subject has been fully studied 
in relation to the Colorado beetle 

The larvae are occasionally subject to a bacterial 
disease and, more frequently, entomophagous fungi, 
species of the genus Btauoena , are found attacking the 
adult beetles in the soil In artificial culture, a high 
mortality among hibernating beetles can be obtained 
by introduction of the fungi, but under natural con¬ 
ditions neither of these organisms appears to spread 
readily 

Insect parasites of the Colorado beetle are com¬ 
paratively few Two species of Tachinid flies are 
occasional parasites of the larvae in the United 
States and attempts have been made to introduce 
them into Europe A small hymenopterous egg 
parasite Anapha praUnsts has been found in France 
and Belgium Neither of these insects however is an 
important limiting factor 

Predatory insect enemies of the beetle are of greater 
economic interest The most important in the United 
States are two species of Pentatomid bugs ,§ - i, f 
PittUus bwculatus and Podtsus tnaadwerUns which 
attack Colorado beetle larvae, and a Cart bid 
beetle, Libia gramhs* A * § * t the larvae of which are 
ectoparasites of Colorado beetle larvae and pupae 
and the adults predacious on larvae and eggs 
Locally, these are sometimes sufficiently numerous 
to play a useful role in reducing numbers The 
biology imd requirements of these insects have been 
fully investigated and a great deal of work has been 
done in trance and Germany with stocks obtained 
from Canada and the United States in the hope of 
establishing them in Europe Breeding of the Penta- 
tonud bugs proved relatively easy but this was not 
so with the Carabtd L granetu because of its rather 
complicated life history However, suitable tech¬ 
niques have been worked out for producing large 
numbers of all three species under artificial con¬ 
ditions and liberations in infested potato fields have 
been made in various localities Unfortunately, the 
relative dryness of the summers in France and 
Germany has proved a serious obstacle to the 
introduction of these natural enemies, both L. 
grmhs and P motnlrnniru are sensitive to climatic 
variations and thrive only under conditions of 
relatively high temperature! and humidity Though 
in some instances they have maintained themselves 
for short periods aftfr liberation in the open, they 


succumb easily to unfavourable conditions, and they 
have not so far been successfully established m 
Europe 

Several species of Penta tomids indigenous m 
Europe have been found attacking Colorado beetle 
larvae and two of these, Purommts btdens and Trtnlus 
lundks, have been studied in detail, chiefly in Belgium 
There is some hope that these insects may prove 
useful auxiliaries 

Starlings and partridges have been reported to 
feed on Colorado beetles and their larvae but 
most birds 11 * 17 find them distasteful and, in general, 
observation on natural enemies of the pest do not 
■uggeat that they are likely to play more than a 
minor part in helping to keep it in check 

DIRECT CONTROL 

The early work of C V Riley in Missouri, USA, 
showed that sprays or dusts containing Pans Green 
could be effectively used for control of infestations of 
Colorado beetle on potatoes and it was this discovery 
that has led to the development of arsenical insecti¬ 
cides on a very large icale u 44 Pans Green, though 
effective, has a number of disadvantages and is now 
rarely used It has been replaced by lead and calcium 
arsenates which can be more readily prepared m a 
form suitable for use as sprays , lead arsenate in 
particular can be made to give a very fine suspension 
in water which adheres well to foliage Both these 
insecticides have for many years been widely em¬ 
ployed against Colorado beetle and application of a 
spray containing o 5 per cent calcium arsenate has 
been regarded as the standard means of control on the 
Continent Barium fluosilicate has been used as a 
spray or dust to some extent in France and a good deal 
of attention has been given, particularly in Germany, 
to the possibilities of lulling beetles emerging from the 
soil after hibernation by means of dressings of calcium 
cyanaimde Some success with this treatment has 
been obtained but results have been variable 
Insecticides prepared from Derris or Lonchocarpus 
root, containing rotenone as the chief active prin¬ 
ciple, have also been found to provide effective 
control but are less persistent, they have special 
usefulness under certain conditions, for example in 
gardens, because they are not poisonous 

The range of available insecticides has been 
extended with the introduction of the newer synthetic 
organic insecticides, particularly dichlorodtphenyl- 
tnchloroethane (DDT) When the insecticidal pro¬ 
perties of DDT were discovered in Switzerland early 
m the war, bne of the first insects used for test 
purposes was the Col o rado beetle and it was found 
that DDT was* highly toque both to die grubs and 
adult beetles Laboratory and field experiments 
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in many countries later confirmed this and DDT 
insecticides are increasingly replacing the arsenical* 
for use m practice, particularly in the United States, 
Canada, Switzerland and Holland They are also 
used for preventive spraying m the United Kingdom 

Both dusts and sprays containing DDT are em¬ 
ployed A numjier of different types of spray fluids 
are available and experiments m Holland indicate 
that DDT emulsions arc superior to other forms, 
particularly with regard to persistence of the toxic 
action The usual concentration at which the 
sprays are applied is approximately ilb of DDT per 
100 gallons (99 8 gm per 100 litres) In the United 
States and Canada 3 per cent dusts are commonly 
recommended and give good control 

Another new uuectipidal compound, benzene 
hexacblonde, has also proved to be highly toxic to 
the Colorado beetle but it u not at present recom¬ 
mended lor use in practice because potatoes are 
particularly liable to develop an unpleasant flavour 
where this insecticide reaches the soil in which they 
are grown Experiments with chlordan in Axncnca 
indicate that this new insecucide is also effective for 
controlling Colorado beetle though it does not appear 
to have any special advantages over DDT 

The present situation with regard to direct means 
of control of Colorado beetle is thus reasonably 
satisfactory and serious losses of potato crops in areas 
where the pest is established can be avoided provided 
that appropriate measures are regularly taken None 
the less, no effort should be spared in the endeavour to 
prevent the insect from further extending its range, 
since control measures, often involving two applica¬ 
tions of insecticides during the season, add appreci¬ 
ably to the cost and trouble of growing potatoes 
The Colorado beetle is a potential pest almost 
wherever potatoes arc grown and, as with the locust 
problem, international action is needed to deal with 
it Much of the recent research work on the subject 
has been earned out under the auspices of the 
European scientific committee already referred to, 
and though its activities were interrupted by the 
war, thry were resumed in 1946 and this body now 
acts in an advisory capacity to the official inter¬ 
national organization for control of Colorado beetle 
The prospect of further advances in dealing with this 
difficult problem is greatly increased by the inter¬ 
national collaboration thus ensured 
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Micromethods in Histochemistry and Cytochemistry 

H HOLTER, Dr Phil and K LINDERSTR 0 M-LANG, Dr Phil 
Carlsberg Laboratory, Copenhagen 


The problem of the distribution of enzymes w tissues 
and cells can be investigated in several different 
ways One way, and that onginallv adopted by the 
histologists, is to make the action of the enzyme 
visible under the microscope by letting a tissue shoe 
act on the substrate under conditions where a colour 
is developed or a precipitate formed by the reaction 
products of the catalytic process (G Gomori 1 ) This 
method is hardly quantitative and, in hner cell struc¬ 
tures, considerable doubt will always exist with 
regard to the identity of loci of enzyme action and 
loci of maximum colour or deposit of solids 

Another, more powerful, method related to the 
former is to trace the enzyme by its direct absorption 
of light, ultraviolet, visible and infra-red This 
principle has been used especially for estimation of 
nucleic acids (for technique see T Caspkrsson 1 , and 
A W Polluter and M. J Moses*) Its usefulness 
for enzymes seems to be limited at present as 
characteristic absorption spectra are usually lacking 

A third method of importance especially in cell 
investigations is to homogenize a large quantity of 
uniform tissue at low temperature and centrifuge the 
suspension of matter obtained, collecting samples of 
different particle sizes and densities An enzymatic 
analysis of the fractions in connection with methods 
of identifying their particles with histologically de¬ 
fined structures (granules) of the intact cells may 
then permit certain conclusions regarding the sites 
of enzymes in these cell structures (R A Be ns ley, 
I Gersh, A Claude and F L Schneider 4 '*) 
Difficulties due to the redistribution of enzymes 
during the process of isolating the granules tend to 
reduce the value of this method 

Finally, a fourth method is based on a dissection 
of cells, preparing and analysing samples of well 
characterized size and structure, often after a centri¬ 
fugation of the living cell, to obtain a more unequal 
distribution of structural elements Thu pfocedure 
requires micromethods for enzyme determination and 
ertimation of sample size Such methods have been 
developed by the Authors but only to a scale which 
permits analysis of large cells (manno ova, amoebae 7 ) 
or groups of cdls (histochemistry) Further refine¬ 
ment of these methods may of course be accomplished 
but will undoubtedly meet with increasing difficulties 
as regards manipulation, characterization and 
measurement of the samples When trying to achieve 
higher refinement a point will therefore be reached 
where the quantitative correlation between structure 
and chemical p roperty dan no longer be controlled, 


and where other methods of attack become increas¬ 
ingly profitable However, the available micro- 
methods have a value in themselves apart from their 
usefulness in the field of histochemistry and cyto¬ 
chemistry vtz they may be of help to the biochemist 
in all investigations where the amount of biological 
material is small 

In what follows only methods of the last mentioned 
type will be described The treatment will be of 
more recent developments . Other methods and 
applications have been published in detail by 
D Guck* 

ENZYMATIC METHODS 

Tttnmetru methods — The methods originally des¬ 
cribed by the authors* have undergone no startling 
development in recent years A number of different 
microburettes and stirring devices have been des¬ 
cribed* but the limit of accuracy has not been sig¬ 
nificantly lowered and manipulations have not 
become much simpler A senes of more recent 
applications may be qientioned histochemistry 
of the stomach (A Sofboro-Ohlsen 10 , R Rask- 
Nielsen 11 ) , retinal histochemistry (C B Anfinssn 
et alu xt ) , histochemistry of the barley root (H P 
Botttlier 1 *) , aaccharase in root tips (H Wanner 
and U Leupold 14 ) , and peptidase in drosophila 
(E K Patterson, M E Dackerman and J 
Schuitz 1 *) 

Manometnc methods —Various manometnc micro- 
methods are available today* (see also J R Grkgo "•) 
Of these, wd shall describe only the Cartesian diver 
technique 11 * **, partly because it is the only oue with 
which we have had personal exper i e n ce, and partly 
because it is, as far as one can judge from the literature, 
the one that has been most extensively tested and 
adapted to different analytical purposes 

A Cartesian diver consists of a container, sur¬ 
rounded on all sides by liquid, and enclosing a gas 
space which enables the diver to float m the liquid 
If the pressure on the liquid is changed, so is the 
volume of gas enclosed in the diver, and the diver 
rises or sinks If, on the other hand, gas is absorbed 
or liberated m the diver, then a corresponding 
change occurs in the preuure necessary tp bring the 
diver to rest at a given level, this pressure can be 
measured very accurately 

Ftgm i shows the apparatus used. In Ftgvn a the 
diver itself is ahowfi in its simplest fprm, it n 
of thin-walled glia, weight about 05 mg, total 
volume about la pi It has a solid glass tail, the 
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weight of which maintains the diver vertical and is 
so adjusted that the equilibrium pressure of the diver 
is a little less than one atmosphere The actual reac¬ 
tion space of the diver is closed with a seal of paraffin 
oil If necessary, a second seal may be placed below 
the first one, for example a drop of caustic soda 
solution for the absorption of the carbon dioxide 
evolved in respiration The liquid m the flotation 
vessel is a strong salt solution, usually sodium chloride 
and sodium nitrate, m which gases are sparingly 
soluble The flotation vessel is connected with the 
manometer tube by a capillary in order to make the 
total volume of air as small as possible The height 
of water in the U-shaped manometer tube is regulated 
by means of two pressure regulators, one for coarse 
and one for fine adjustment The difference between 
the levels in the two branches of the manometer can 
be reproduced with an accuracy of 1 mm which 
corresponds to a measurable volume change of 
1 X to -, [il for a gas volume of iojiI in the diver 




Figure t Car- 
tenon dwtr 
0 bottom drop, 
b met mo/, c 
month mo I, d 
gas phase 


Details regarding the procedures for filling the 
divers, measuring the equilibrium pr cM u rc and cal¬ 
culating the volume changes of the gases encl ose d 
have been fully described elsewhere 11 We shall 
mention briefly a few recent developments of the 
technique which have been introduced with the 
purpose of widening its range of application 

One of the mam technical problems of all mano- 
metnc methods is the procedure of mixing two or 
more sohitioni after the system has been closed and 
equilibrium obtained Every one who has worked 


with the Warburg technique knows the vinous shapes 
of vessels that have been devised to meet this re¬ 
quirement In a veael of the sue of a diver such 
contraptions are difficult to duplicate and the only 
principle that can be used is to place small drops 
of the required solutions on the inside wall of the 
diver neck (ude-dropt) and to mix them with the 
movable neck seals by application of suitable pressure 
changes In order to keep die pressure changes 
within manageable limits, however, the distance 
between side-drop and seal must be small and the 
danger of premature coalescence is correspondingly 
great Such a technique has been used by C B 
Anfinben and C L Claff 19 , and also for years m 
the Carlsberg laboratory Our own results, however, 
have never been entirely satisfactory and have there¬ 
fore never been published Recently, S Schwartz * 9 
and J C Waterlow and A Borrow 11 , by coating 
the diver wall with silicone, have found a satisfactory 
solution of the mixing problem 

This improvement permits the study of various 
enzymatic reactions which previously were more or 
lets uniuited to the Cartesian diver technique 
Among the enzyme determinations of this nature 
which have been or are being tested the following 
may be mentioned cytochrome oxidase (E J 
Bobll 1 *) , amino acid oxidase (S Schwartz* 9 ) , 
choline esterase (E J Boxll and S -C Shkn 19 , H 
Holter 14 ) To this class of reactions belongs also 
the determination of the respiratory quotient (E J 
Boell et ah i*\ and H Holter 19 ) 

The main parts of biochemical investigations in 
which the Cartesian diver has been used so far were, 
naturally, concerned with measurement of respira¬ 
tion These include work by P E Lindahl and 
H Holter IT on gradients in embryos, E Zeuthen 
and K Lknderstr0M-Lano u on respiration during 
mitosis, and C A Villbe * 9 cm biochemical genetics 
in dnaophila These are examples chosen in coder 
to demonstrate the applicability of the Cartesian 
diver to various biological problems (see also J 
Bracket") 

Dilatometnc methods— Only once, for cytochemical 
investigations 91 ! *», have dilatometnc methods been 
used Since, however, their principle is useful in 
many respects, the only micromethod in use 11 will 
be described briefly 

The method is based upon a density determination 
in the so-called * gradient tube 1 which is shown in 
Figure 3 In the upper bulb there ■ a mixture of 
kerosene and branobenzene of specific gravity o 99. 
In the lower bulb there a moodier mixture of the 
same liquids of spe cifi c gravity 1 01 and in the 
co nn ec t i n g tube the specific gravity vanes linearly 
from 099 to 101, The whole system u saturated 
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with water at a suitahle vapour pressure If a 
drop of an aqueous solution u introduced at the top 
of the tube it will nnk through the medium and 
come to rat m a position 
where the density of the sur¬ 
rounding medium is iden¬ 
tical with its own Hence 
the density* of the medium 
at any place may be deter¬ 
mined provided the gradient 
is standardised The posi¬ 
tions of the drops are measured 
in a horizontal microscope 
with micrometer Figure 5 Gradient tube 

The use of this apparatus for enzymatic micro- 
determinations is based upon the fact that isothermal 
chemical reactions in liquid systems are followed by 
volume changes which may be used, first, in charac¬ 
terizing die reaction in question and, secondly, as a 
measure of its progress If therefore a drop (o 1 to 
o a pj) of reaction mixture (substrate + a piece of 
tnsue or cell) is introduced into the gradient tube it 
will sink rapidly to an initial equilibrium poution, 
and then move slowly upwards or downwards, 
according to whether the reaction is accompanied 
by dilatation or contraction From this movement 
of the drop the change in density may be determined 
Constant temperature is a necessary experimental 
condition 

It is beyond the scope of this review to discuss the 
theory of the volume change With dilute solutions 
and under constant conditions it is to be expected 
that proportionality will exist between volume change 
and chemical change 

Adi Am — 10 — constant 

Of course, die conditions will never be absolutely 
constant since the reaction itself produces changes, 
but the above relation is nevertheless usually satis¬ 
fied It must be emphasized that where 10ns are 
produced from neutral molecules (or vice versa) <0 
can show a strong dependence on the conditions of 
reaction" 4 (/>H, buffer concentration) 

Smce some 10 to 15 min elapses between the 
mixing of enzyme with substrate and the arrival of 
the drop at die level of equal density when the 
measurement of its movement can begin, the first 
part of the reaction is mused, a fact which limits 
the applicability of the method 

If the reaction is a zero older reaction the enzyme 
determination is easy, since die dope of the straight 
lutf CGpraentmg the relation between time and 
density qm be considered a di r e c t measure of the 
fate of reaction and,of the amount,of enzyme. 
The enzyme dete rm i n a ti o n u not a problem with 
• * 


true first order reactions, the enzyme amount simply 
being proportional to die reaction constant For 
complicated reactions, however, it becomes difficult 
to construct arbitrary enzyme unit curves because 
of the uncertainty of the zero point extrapolation 

Colorimetric methods — Several colorimetric methods 
for enzymatic work have been described* and in 
certain instances there is no doubt that optical 
methods are superior to all other methods of this 
type, both with respect to accuracy (* t reduction of 
scale, not relauve accuracy) and to sunplicity of 
manipulation 

Recent developments in the technique of photo¬ 
electric measuring devices have made it pouble to 
perform colorimetric measurements on a microscale 
The cuvettes that have been described by O H 
Lowry and O A Busby * 1 for use in the Beckmann 
spectrophotometer are adapted to volumes of 50 (il 
coloured solution 

The arrangement described by H Holtbr and 
S Lovtrup 11 requires volumes of only 5 to 10 pi 
with a light path of 10 mm The essential parts of 
this arrangement, seen m Figure 4, are a microscope, 
a camera adapter with a side-view eyepiece, and # 
photocell The cuvette is a glass or plastic cylinder 
5 to 13 mm long with a centnc bore of o 5 to 1 5 mm 
diameter It is sealed on to a microscope slide by 
means of cement or vaseline, and c l osed by a cover 
slip The light beam has a diameter of 0*2 to 
04 mm and consists of practically parallel rays 



Figure 4 Pkotmrtne epfwutut A light m um, 
A lew, C diaphragm, D filler, E mtrm, F 4 * 
phmgm* C q mdenser, H m e thamtal stage, I 

iuJuu I —if 

| 4 WMmm mmm ft R 

L shutter, M phe t e teO , N tide item apiece 
0 sweat (mtwol act ) 
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The cuvette is placed on the mechaxucal itage and 
centred with regard to the light beam By means 
of the side-view eyepiece one can control the interior 
of the cuvette and ensure that no fibres, air bubbles 
tic obstruct the light path Then the* shutter of the 
camera adapter is released and the measurement is 
taken 

This simple arrangement has proved very satis¬ 
factory in practice It can be combined with colour 
filters or with a monochromator B Commoner** 
in a arrangement has used the Beckmann 

monochromator as a light source 

So far the apparatus has been used for the deter¬ 
mination of catheptic proteinase in amoeba cyto¬ 
plasm Casein was used as a substrate and the 
colour measured was that of the Folin-Ciocalteu 
reagent 11 £ J Kruoelb" has applied the method 
to the determination of alkaline phosphatase m 
amphibian embryos 

METHODS FOR DETERMINING SIZE OP SAMPLES 

The methods to be described here are not only useful 
in determining the size of samples obtained by 
microduKction of cells and tissues but also in estima¬ 
ting the size of organisms (amoebae) which are shaped 
so irregularly that direct measurement of their 
dimensions does not lead to satisfactory results 

Volutr *— Volume may often be used as a reference 
quantity • g when comparing samples of similar 
nature In the method devised by H Holter ,# the 
quantity of dye solution displaced by the sample is 
measured cdonmetncally Other methods in which 
the sample (an organism) is sucked into a thin 
capillary of known diameter lor its length to be 
measured may be more harmful to the object than 
Holter’s method where a wider capillary is used for 
the determination of the volume of dye solution + 
sample 

Weight — The most obvious and satisfactory 
measure of sample size u the weight of the sample, 
and several microbalances have been constructed” 
that permit a satisfactory determination of weights 
down to about 0 1 fig The only disadvantage of 
weighing samples of tissue and cells u connected with 
the drying of the samples prior to weighing, a process 
that is difficult to carry out in a quite reproducible 
way It may therefore cause lrreproduable changes 
in the enzymatic pattern of the tissue Thus it n 
generally impowble to use the same sample for 
weighing and for enzymatic analysis, this means 
that a correlation between weight and enzyme 
activity can only be found m a senes of uniformly 
varying samples (sections of a regular piece of traie) 
where alternate samples can be used for wraghing 
and analysis. 


Reduced weight (A W )—In the determination o? 
reduced weight (weight of sample — weight of same 
volume of water) the sample is weighed in water 
and may therefore be retneved after weighing 
without damage and used id enzymatic analysis 

Reduced weight may be determined in the 
gradient tube mentioned, where the positions of 
aqueous drops with and without sample added are 
compared Since, however, many enzyme systems 
are destroyed by the medium in the gradient tube 
the use of £ Zeuthen’s more elegant method 40 * 41 
u recommended , this u based upon the Cartesian 
diver principle 

The balance ([Figure 5) consists of a diver, filled 
with the flotation medium (culture fluid etc) except 
for one gas bubble which keeps the diver floating 
at a suitable pressure The air chamber is connected 
to the outside by means of a capillary which permits 
the pressure adjustment and which is so fine that 
diffusion losses are reduced to a minimum One 
measures the equilibrium pressure of the balance, 
empty and loaded with the object which is to be 
weighed , from the prenure difference, R W can be 
calculated 

The balance shown in Figure 5 consists of a thin- 
walled glass flask carrying a collar of polystyrene 
(the balance cup) into which the object n pipetted 
under water The weighing accuracy is 1 to 
3 X iO' B pLg RW, depending on the size of the 
balance It should be especially emphasized that 
determinations of absolute weight can be obtained 
by repeating the weighing procedure in a medium 
which has been given a different (higher) density 
by addition of a substance with a high molecular 
weight such as soluble starch The condition for a 
satisfactory measurement 11 that the water balance 
o€ the sample is not disturbed by the substance used 
to change the density The calculation of the weight 
foilowi from the equations belovy 

(RW)p«|-d4 

f _ (RW),rf i< -(RWU 

* 4.-4 

where g and v are the weight and volume of the 
sample, d is the density, and the suffizos w and si 
refer to water and starch solution respectively The 
possibility of measuring the wet weight of a sample 
is of special importance when comparisons arc 
earned otft between samples of highly different 
density In many biological investigations, however, 
the R W suffices as a measure of mass 

H* Holier and E Zeuthk** have shown a use 
of the balance for purposes other than estimation of 
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sample sue m which the changes m the reduced 
weight of starving amoebae are correlated with their 
general metabolism 

Nttrogen content -— A reference quantity of a different 
kind u the nttrogen content which may be taken as a 
measure of the amount of protoplasm of a sample 
Nitrogen may be determined by a suitable micro- 
Kjeldahl method 

Among the numerous methods described in the 
literature 41 and reviewed by D Guck 1 (see also 
J Shaw and L C Beadle 41 ), that by D BrOel, 
H Holtea, K Linderstrou-Lano and K Rozm 44 
claims the highest accuracy (o 005 fig nitrogen) and 
is probably also the most elaborate one Apart from 
the reduction of scale it deviates from the macro- 
Kjeldahl (by which is meant here the 20 mg nitrogen 
method 41 ) with respect to the following points 


1 the digestion is earned out with copper sulphate, 
potassium sulphate and selenium as catalysts 
(1 |xl sulphuric acid) , 

a distillation is earned out in vessels coated with 
paraffin or, recently, silicone (Ftgurt 6 ), diffusion 
and convection being the causes of transfer of 
ammonia from the bottom drop to the receiving 
seal, 


V 
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Water both \y\ Digest* NsOtt 
$0°C w DSyX 

Figure 6 Distillation vessel 


3 base is added to the receiving 
seal in slight excess and the 
solution is titrated while in the 
distillation vrw 1 w ith n/ioo 
hydrochloric acid using a 50 pj 
microburette and biomcresol green as indicator 
A glass bead with iron and a magnet* are used for 
stimng 


Figure 5 The 
polystyrene-glass 
oalance 


Details of certain manipulations involved in the 
proce ss of transferring the acid digest from the 
digestion vessel to the distillation veael will not be 
mentioned here We should like however m this 
connection to emphasize the general usefulnea of 
some of the plainer tools in these microdetermina- 
tions eg the semi-automatic pipettes with con¬ 
striction shown in Figure 7 and the braking pipettes 
for transferring organisms shown m Figure 8 (see also 
C L C^aff 4 *) The semi-automatic pipette* have 


Figure 7 Semiautomatic pipette The 
liquid is meanertd off between Die upper 
constriction and the tip, and the pressure is 
the pipette [applied by a pressure regulator] 
u adjusted so that the pipette empties itself 
when the tit) touches the liquid or the glass wall 

btgttre 8 Braking pipette A pipette, 
B cleft cork , C jacket tube, D rubber tubing , 
E brake By suction at 0 the organism mar 
be drawn slowly into A, the fine capillary £ 
serving as an air brake 
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been found to deliver amounts of 
liquids down to 1 fit with an accuracy 
of about o 1 per cent and to empty 
themselves more completely, 
relatively, than macropipettes of 
1,000 times their volume They 
are therefore recommended for microchemical work 
in general 
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In the Kjeldahl method the samples are lost, and 
whenever it is important that nitrogen and enzyme 
activity be determined m the same sample the latter 
quantity must be estimated first, which is only rarely 
possible It may then be possible to apply the in¬ 
genious EngstrOm method 41 to dry sections or smears 
of tissue or cells prior to enzyme analysis In this 
method the absorption of x-rays of specific wave¬ 
lengths is used as a measure of the number of nitrogen 
atoms in a given volume The absorption of a suffi- 
ciendy broad x-ray band may also be used to 
measure the mass of a given sample (total mass of 
atoms irrespective of type 41 ) and the method is 
therefore also an extremely sensitive * microbalance ’ 
It remains to be seen how detrimental this measuring 
principle u to the enzymes of the samples, but 
irrespective of a possible enzyme destruction the 
method possesses great advantages in that it increases 
the sensitivity of the determination of mass and of 
individual elements by several powers of ten 
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Forest Research Institute 

M NASLUND 

Director of the Forest Research Institute, Stockholm, Sweden 


The Forest Research Institute of Sweden was 
founded in 1902, and from a rather modest beginning 
has grown considerably to attain its present size Thr 
greatest development took place in the years fgia 
and 1944 The Institute constitutes the central organ 
for government supported forestry research in 
Sweden 

The Institute has two main functions One is to 
ascertain how the forests should be most suitably 
managed under various conditions, and the other is 
to maintain a running inventory of the country's 
forest resources and the changes occurring therein 
In order to fulfil these functions the work is earned 
out by six departments the forestry, forest survey, 
operational research, botany and sods, genetics, and 
the zoological division In addition to these there is 
a department for mathematical statistics 

Research at the Institute is based primarily on the 
rnnalyu and study of experimental data collected on 
field surveys Therefore the field work is very ex¬ 
tensive and this is earned out on some t hou s and 
regular experimental plots and temporary investi¬ 


gation plots, scattered over the whole country In 
addition to these the Institute has at its disposition 
four experimental forests with a total area of 3,400 
hectares (about 8,160 acres) of forest land, as well as 
a genetics experiment field of about 500 hectares 
^i,aoo acres) 

The aim of the experimental parks is twofold 
first, to concentrate a number of experiments m a 
carefully selected and examined area and secondly 
to study the effects of measures for forestry conser¬ 
vation with application on a large scale 

Results of the acti\ ltics of the Institute are published 
by various means, such as Reports of the Forest Re¬ 
search Institute, special pamphlets, technical journals, 
and lectures and practical demonstrations 

• 

FORESTRY DIVISION 

The research of the forestry division concerns silvi¬ 
culture and forett mensuration 

The central task of this division is to provide a 
practical method of solving the primary questions of 
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silviculture These problems can be divided into two 
groups, one concerning the management and care of 
the stands and the other concerning re-generation 
The scientific jnethods which are developed to offer 
practical solutions to these problems are based on 
production research and re-generation research 

The task of production research 11 to find ways 
of deciding on the type of tree, pure or mixed, 
whether the stands are to be of the same or various 
ages, the time for the first thinning and the length 
•of the thinning intervals, the strength of the thinnings, 
high or low thinning, thinnings with a view to 
quality, the Ume and method for final cutting of the 
stand etc The importance of thji branch of rev arch 
however, extends even further The orginization of 
the forestry industry and the appraisement oi the 
forests is also greatly dependent on the results of 
production research 

In the field of international forestry experimenting, 
investigations have long been carried out to deter¬ 
mine the development of stands and the production 
of various classes, with the application of one or 
another method of management (or in exceptional 
cases even several) The material has consisted of 
experimental plots which have been cared for over 
a long period of time according to the method in 
question The analysis has been accomplished 
through simple graphic comparisons of their long 
periods of development 

The Swedish Forest Research Institute has, foi 
several reasons which will not be mentioned here, 
abandoned these methods of experiment and set out 
m general to determine the manner in which the 
tree and the stand grow under various natural con¬ 
ditions and with different types of management 
Thu expanded aim has led to problems which can 
only be solved through mathematical-statistical 
methods 

The work within the production research depart¬ 
ment u earned out ui the first place on the bans 
of observations of short periods of development which 
are set up as statistical functions 1 hese latter serve 
to generalize the observations and in this way allow 
a calculation of the incremfht of growth when this 
u not known. 

With the aid of such an increment of growth 
function, together with certain other (Unctions, pro¬ 
duction tables can be set up which reveal the develop¬ 
ment of the growth, the production, and the harvest 
for various combinations of the conditions 


and the others have been added successively through 
the course of years The material, which was 
gathered according to an older method of experiment 
and not with the aim of statistical analysis, has been 
found to be impaired by great deficiencies for its 
present purpose, causing many difficulties in analysis* 

1 or this reason a collection of samples was begun in 
1441 for a great production investigation according 
to the new principles The collection of material 
from virgin forests has now been completed, and the 
project 1* to be continued in stands which have been 
thinned 

The new production investigation, which is based 
on a single observation of temporary experimental 
plots, the trees ot whiLh are examined for the in¬ 
crement of growth of the diameter by means of 
borings, and which covers pine, spruce, and birch 
forests, as well as mixed coniferous and hardwood 
forests, tuns furtuer, however, than thi facilitation 
of production planning The careful examination 
with respcrl to the habitat and quality of the tree 
of a lirge number of experimental plots, where the 
increment of growth is known, provides a deeper 
insight into the conditions necessary for growth A 
simultaneous consideration of the environment and 
the race ought to make it possible to separate their 
respective effects through statistical analysis The 
material gathered from the virgin forests also enables 
a study of the influence of the changes of climate on 
the pioduction 

In connection with the new production investiga¬ 
tion, the Institute is also studying, in cooperation 
with the Swedish Forest Products Research 
Laboratory, the technical characteristics of the 
development of tne forests, as well as their dependence 
on natural conditions and on the management of 
th«* land 

The programme being handled by the forestry 
department tor research on forestry mensuration is 
carried out in direct connection with the production 
research, ahd includes continual development of the 
method tor the mt nsuration of different trees, as well 
as the volume of the stand, dan of wood produced, 
and the mere me nt of growth Pruning measures are 
also being studied with the aim of improving the 
quality of the growing forest 

1 he new production investigation mentioned 
earlier includes only the mam types of trees, pine, 
spiuce, and birch The production of oak, beech, 
ash, and other more important types of trees » 
studied in special investigations 


The data available up to the present have been 
compiled from the Institute's experimental plots 
The first of these waf laid out m collection with 
the fou n di n g of the Institute almost 5a .years ago, 


The task of re-graeratten research is to find the 
most suitable method for the re-generation of the 
forests and^to give directions as to the applications 
of the various methods of re-generation 
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Concerning natural re-generation, problems arise 
as to the most suitable method of re-generation 
cutting, the care of clearings, the most desirable 
time, the way and the costs for the carrying out of 
plant weeding, consideration of the quality and type 
of the trees at weeding etc In this connection ques¬ 
tions of the necessity for such measures as mechanical 
and chemical scree fing, burning etc also present 
themselves 

In order to solve the mam problems of natural 
re-gmcration it is essential to know how the forests 
are regenerated under various natural conditions and 
with different types of management This aim 11 
achieved by the Institute through statistical methods, 
applied to observations of the condition of re-genera- 
tion or of short pi nods of its development In this 
way it is possible by means of functions or tables to 
reproduce the process of re-gen era tion from the tune 
for the beginning of the liquidation of the old stand 
to the development of the young forest in the soil 
The results of rc-growth with vanoua kinds of re-gen¬ 
era 11011 cutting can in this way be compared under 
conditions otherwise equally natural, and thus an 
ob|rrtivr!y based derision can be made as to the 
various types of re-generation programmes 

The need for deeper insight into the biological 
conditions of natural re-generation is taken into con¬ 
sideration through observations concerning the 
characteristic* of the re-generation and the mother 
stand, the soil, the climate, the seed formation etc 

In the held of forestry cultivation a great number 
of problems anse concerning the care of seedlings, 
the choice between different seeds and methods of 
planting with respect to biological and economic 
viewpoints, the development of such new methods, 
practical problems of fertilization, the characteristics 
and treatment of plant materials, the amount of 
spacing between plants, the most favourable tune, 
the method and the costs for the carrying out of 
weeding*, the most suitable form for individual care 
during the seedling stage, the race and source of 
seeds, attacks of disease and many others 

To solve the most important problems of forestry 
cultivation the possibilities of sowing and planting 
ui various forms and under various natural conditions 
must be known With this aim in mind experimental 
plots arc laid out, arranged according to modem 
principles of field experiment techniques Because 
of the statistical analysis which is thus made possible, 
these experiments attain a wide range Investigations 
of questions as to the costs of plantation and the 
implements for forestry cultivation comprise an im¬ 
portant part of the research programme In this 
connection new paths have been opened for the 
purpose of reducing the costs of plantation through 


exper im ents on the mechanisation of forestry 
cultivation work (tractor power) 

Since the quality of the sowing is of decisive 
impqrtance to the results of the forest's cultivation, 
research concerning the characteristics of the cones 
and seeds, and concerning suitable management and 
storage, is of particularly great importance for the 
forestry industry Moreover, an ever increasing ser¬ 
vice is required for the benefit of the general public 
in the gathering of cones and seeds 

DIVISION FOR FORIIT SURVEY 

The main task of this division is to estimate the extent 
and character of Sweden’s forest resources, which is 
earned out through national forestry surveys Due 
to the fact that repeated surveys are made at equal 
intervals (about years), it is even possible to 
ascertain roughly the changes which take place in 
the pc nod between the surveys In this way a check 
on forest conservation throughout the country can 
be obtained Through cooperation with the produc¬ 
tion research in the forestry division it is also possible 
to predict the quantities of timber which should be 
removed for the most rational management of the 
forests Such calculations are of great importance for 
the forestry and wood industnes 

The first National Forest Survey of Sweden was 
carried out dunng the years 1933 to 1929, and was 
preceded by an expenmmtal survey of the province 
of Varmland in 1911 1 he survey of Vfermland later 
served as a model for the Norwegian and Finnish 
national surveys as well as that in Sweden The 
second national survey, which was initiated in 1938, 
is based on the same pi inciples, but increased atten¬ 
tion to details in observations and greater precision 
have been developed 

The survey reports separately on Stale foreits, 
other public forests, corporation-owned forests, and 
private forests In southrrn Sweden the last named 
group has been div ided into two categories, according 
to areas greater than and less than 200 hectares 
(480 acres) of forest land The condition of the 
forests and their management within the various 
groups can be shown in this manner 

The collection of material in the national forestry 
survey takes place in regularly distributed suney 
belts and sample plots 1 he survey belts and sample 
plots are laid out along parallel lines, which are 
marked out by a compos* at equal distances from 
each other, so called survey lines In the survey 
belts, which in the northern provinces hive a breadth 
of 10 metres and in southern Sweden of 20 metres, 
the distribution of the area into various types of 
land such as agricultural land, forest land, swamp, 
mountains etc is taken into consideration, while at 
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the tame time the forest land is divided according 
to the classes or types of trees, the development of 
the stand, its composition etc In the northern pro¬ 
vinces the trees are also recorded in the survey belts 
In southern Sweden this has been limited to the 
sample plots, which are instead bud out more closely 
together In the sample plots, which comprise small 
parts of the survey belts distributed at equal distances 
from each other, a more detailed description of the 
ground and the forest stand is earned out, in which 
certain sample trees are registered and examined 
with regard to factors which are determinant for the 
volume, the quality, the increment etc 

Since the procedure of surveying u in its nature a 
probability calculation, we can use the methods of 
probability calculus to determine the distance which 
u required between the survey lines and the sample 
plots to attain the desired degree of accuracy in the 
results of the survey Dus distance has been chosen 
for each province so that the total supply of umber 
within each province is calculated to be estimated 
with a standard error of 1 5 to 2 o per cent In the 
northern provinces the line distance vanes between 
6 and 10 kilometres (3 6 to 6 miles) 1 he data which 
are collected m the national survey are also utilized 
for various special investigations, which are darned 
out for government authonUes, committees and m- 
stitutioni 

OPERATIONAL RESEARCH DIVISION 

The operauonal research division was started m 1949, 
with the object oi directing forestry work in all its 
forms in the most economically favourable manner, 
at the same time taking into account social conditions 
As a result of the great variety of circumstances whith 
surround the felling and transport of timber in 
different parts of the country, general rules as to 
how this work ought to be earned out can only be 
formulated to a limited extent Instead, the organ 1- 
zauon of the work and tfehmques is normally suited 
to a limited individual area of forest land and this 
necessitates a constant check on locally changing 
needs and then consequences from a technical and 
economic viewpoint By systemaUc comparison of 
wprk organization and techniques in various secuons 
of the country it ought to be possible to obtain 
valuable information on the application of different 
methods, and thus new ideas for improvements can 
be attained Within this field of investigation are 
also included questions on the costs for removing 
timber of unusual dimensions, or of changing the 
methods of snorting the timber 

The primary research of this division includes the 
following 


a study of equipment and mechanical aids, as well as 
3 investigational methods 

The research within the first category aims at 
clarifying the theoretical course of events which take 
plkce during various methods of operation, as well 
as defining through careful measurements the quan¬ 
tities and types of power which occur during an 
operation, the optimum rate of cutting etc In the 
case of hand tools the possibilities for selecting the 
rate and power of cutUng are especially limited, and 
therefore in this field it has been found most suitable 
to assume the normal amount of power which a 
human being is capable of producing The tools can 
then be designed so that this power 11 used to the 
greatest advantage In the use of mechanical aids, 
such as power saws, for example, there is a greater 
opportunity fur designing the methods of operation 
with respect to the optimum degree of technological 
effect 

The selection of equipment and machinery with 
regard to rasr in handling, durability etc and also 
investigations on transportation equipment con- 
stituti s the second category of thr research programme 
in this division 

C losely connected with these studies is the research 
into methods of manual labour, which is granted a 
position of great importance in the forestry industry, 
since it forms the foundation for a generally recognized 
need for systematic craft training among forestry 
workers If research on methods of working is to 
lead to decisive results, however, physiological re¬ 
lationships must be carefully considered and this 
aspect is therrfoie dealt with by this division 

DIVISION FOR BOTANY AND SOIL! 

Rescan h in the*division for botany and soils covers 
scientific forestry in\estigations pi geobotany, soil 
botany, mycology and plant physiology as well as 
related subjects 

The main task of this division is to increase our 
knowledge of the natural scientific conditions for 
forestry production This work Is therefore par¬ 
ticularly directed at determining the often very 
complex processes which take place in the soil and 
trees A tree’s production is determined by tnirr alia 
the resources of water, food substances, light, and 
warmth, which together form the tree’s ecological 
environment But in the forest the environment is 
affected, in addition to the basic characteristics due 
to location, by the competition of other trees and 
living things and the plant community Therefore 
it u of the greatest importance to examine not only 
the requirements of the trees and the qualities of the 
location, buf also life and the living things in the 


/ wear and tear which occurs in the use of cutting 
and chipping tools (saws, axes etc) m forestry work 
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•oil of the forest, as well as the type* of forest-plant 
communities, their soil requirements and their 
reactions 

The various fields of work of this division can only 
be defined in broad outline in the analysis of this 
difficult problem In a forestry ecology experiment, 
for example, the environment of the forest is varied 
by different types of operations, such as thinning, 
watering, or fertilising Resulting deviations can add 
knowledge as to the level of tin food substances and 
the compeution in the soil, and also as to the position 
of the type of forest on the lood substance wale, the 
requirements of each kind of plant, and the con¬ 
ditions for production of the forest Experiments of 
this sort arc m progress ui different parts of the 
country 

In the geobotamcal held experiments are earned 
out on the plant communities of the forest, and par¬ 
ticularly on the relation between the different types 
of such plant communities (types of forests) and the 
characteristics of the location The type of a forest 
serves as a very useful indicator in the practical 
forestry industry in judging the soil and its qualities 
important for forestry management in a simple 
manner Geobotamcal research is directed towards 
testing and as closely as possible establishing the 
value of the type* of forests for this purpose 

The task of soil biology research u> to examine the 
biological processes important for forestry which arc 
taking plare ui the soil In general the only method 
of increasing the amount of food substances available 
for the soil 11 to improve the relation between supply 
and demand of food substanct* by appropriate 
felling and by preparing the soil for most favourable 
living conditions It u therefore the task of forestry 
soil biology to gather information on the organisms 
in the soil, their activity, their requuemenu, their 
effect on each other and their effect on the roots of 
the trees 

Up to the preKnt time this research has mainly 
concerned itsj£ with the quesUon of how the food 
substances can be liberated from the storehouse of 
the soil In the long run, however, it must be just 
as or perhaps even more important to determine 
how quickly the supply of food substani es of the soil 
can be renewed Upon this question depends the 
answer as to whether or not the forests can be kept 
growing well in the future without risk of quickly 
exhausting the food supply of the soil Great and 
arduous labour still awaits soil biology research 
here 

The znvrulogical section concerns itself with re¬ 
search on the fungus diseases of living trees as well 
as on the injurious diseases which attack the forestry 
products and with the development of methods 


whereby the damaging effects of fungi ura be 
overcome 

The effects of snow blight Phaaduan vtfiuUms which 
at certain heights in the northern parts of the country 
constitute a serious hindrance to the re-growth of 
pine have been extensively investigated Attention 
has also been directed toward diseases m the plant 
nurseries Root rot Polyporut atwoiut which has 
viciously attacked stands of spruce in certain parts 
of the country, and pine blister rust (ronartmm 
ascUpuideum are also the object of investigations 

Storage rot in the lumberyard' of the pulp fac¬ 
tories is receiving considerable attention, and in co¬ 
operation with the zoological division imestigations 
are under way seeking to discover the relation between 
insect attacks and the occurrence of Log blue l leld 
experiments with impregnated Umber are being 
earned out in various parts of the country in con¬ 
junction with state authorities to determine the 
effectiveness of different types of impregnating 
materials 

Research on natural rot fungus poisons in wood, 
so-called anttbioticas, has been earned out within 
this division lor several years in cooperauon with the 
Department for Organic Chtmisiry of the Royal 
Institute of 1 ethnology, and has been considerably 
expanded lately 

GENETICS DIVISION 

Research in this division which began its activities 
in 1948 covers plant-breeding of forest trees especially 
based on selective methods, and questions relating 
to this field 

Die main task is concentrated around the very 
complex problem of the influence which the genetic 
structure of the tree exerti on the production of the 
forests The characteristics of the tree are always 
conditioned by both heredity and environment 
Their mutual importance can be established in 
different ways lhe individual genotype of the tree 
can be determined through vegetative propagation 
by cutting* or graftings, which are set out m different 
types of environments, for example in different 
spacingi of plants The value of the progeny can be 
tested in various manners by sowing the seed 
obtained after open pollination, after artificial cross¬ 
ing, or after scif-fcrti h iation Only the two latter 
methods are completely satisfactory from a genetic 
viewpoint 

In connection with the above mentioned investi¬ 
gations, which atm at ascertaining the breeding value 
of different trees and stands of trees, a national 
register is being compiled of all pine, spruce, and 
birch trees, which have been chosen because of their 
particularly outstanding qualities, such as their high 
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growth ability, to be used in future breeding work 
The number of trees selected amounts to 2,500 or 
3 »°°° 

Sweden*! total requirement of coniferous seeds is 
calculated to amount to about 60 ions per year At 
present not even half this quantity ran be produced 
In order to cover this shortage, as well as to increase 
the quality of the stands, various research workers 
have proposed that special seedling plantations be 
set up Valuable trees, belonging to a certain 
provenance region, are propagated through grafting, 
brought to early blooming and cross-bred in special 
plantations I his plantation method, carried out in 
the right way, will be of invaluable service to the 
Swedish forestry It is the purpose of the genetics 
division to study these and similar problems in spec lal 
model plantations 

In the progeny experiments, as well as in other 
culture experiments with progeny of different trees 
and races of trees, the differences of the progenies 
as n gartls the resistance to attacks ol parasite fungi 
and injurious insects are studied In cooperation 
with the entomological and mycological investigators 
of the Institute, special experiments arc being plannc d 
for the further study of variations in power of 
resistance 

From the earliest years of the Institute experi¬ 
mental activity has been earned out as to the 
importance of the origin of sc cds, or in other words 
the geographical races of forest trees, which is known 
as provenance research This work is now being 
done by the genetics division It is of great im¬ 
portance to be able to indicate the limits within 
which seeds of the forest can be transferred without 
imperilling the result of the culture Also it must 
be ascertained whether or not through systematic 
transference of seeds between various latitudes or 
between tracts with different climatic conditions 
advantages can be gained in the quantity and quality 
of the production in comparison with stands grown 
from local seed 

ZOOLOGICAL DIVISION 

The animal life of the forest includes many different 
kinds of animals injurious and useful, insects being 
the most numerous, both in number of sorts and in 
total number Insects also play a much greater 
part than other living animals in the forest from an 
economic point of view tor these reasons the 
zoological division concerns itself mainly with 
problems which arise from the occurrence of and 
damage caused by these insects 

One of the main tasks of this division is to investi¬ 
gate the living habits of the insects under various 


conditions Particularly important in this rcsptc t are 
biological and ecological investigations of two of our 
most dangerous bark beetles the pine beetle Blasto- 
phagus pmtptrda and the eight dentate d bark beetle 
Ips typography Extensive information about the 
biology of injurious inserts is of great impottance, 
since it will reveal under which conditions of de¬ 
velopment a certain injurious insect has the least 
power of resistance and ean therefore be most easily 
com bate d 

Suitable methods are also devised for the estima¬ 
tion of the numerical strength of insects, as well as 
the extent of damage which they cause lhese 
estimations are necessary m order to judge to what 
extent combative mrasurcs ought to be applied to 
minimize damage by insects 

I he most important task of the division from an 
economic point of view is to devise effective measures, 
both preventive and directly combative, which are 
applied to the respective living habits of injurious 
inserts 

Another important problc m u the relation between 
certain injurious insects and injurious fungi It has 
been shown that some forest insects infect the trees 
or timber with sjxircs of injurious fungi For instance, 
certain bark beetles infect Umber of pine and spruce 
with fungi which causes a dark discolouring of the 
sapwood, known as log blue 

Studies of the animal life of forest soil an also 
carried out, and these provide a wider knowledge 
of the types of animals found in the forest, as well 
as their meaning to the soil processes 

Among rurrent research projects is included the 
modem process of spraying or dusting by air with 
contact poison, whic h was used for the first time and 
with good results against the dangt rous pine moth 
Bupalus pimanus In this case an insect poison wu 
used which had a nerve crippling effect (DDT) with 
the help of which extensive areas of forests were 
completely freed from these injurious larvae in a very 
short time 

DEPARTMENT TOR MATHEMATICAL ST A I 1ST ICS 

The applicauon of statistical methods, particularly 
regression and vanaUon analysis, to the problem of 
advanced forestry research has had most successful 
results Therefore a special department for mathe¬ 
matical statistics has been set up to serve the various 
divisions of the InsUtute writh statistical analyses of 
experimental results 

Besides the close cooperation between the various 
departments of the InsUtute, contact is also main¬ 
tained with other scienufic insUtutions, as well aa 
the practical forestry industry 
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Forum: Mathematics in the Larger Context 


W h n e agreeing with H W Turnbull 1 that primal 
analysis may be as applicable as the usual punctual 
one in the realm of form and growth, it is possible 
that readers who are interested in the concept of 
* anti-Euclidean * space may not have come across 
two books* that deal with it 

Anti-Euclidean geometry is just as derivable from 
projective geometry av Euclidean is Analogously to 
defining affine geometry by specifying an absolute 
plane at infinity, we can dehor a wholly dual anti- 
affinc geometry by specifying an 4 absolute point at 
zero * Anti-Euclidean geometry l* then obtained by 
specifying an imaginary (one at this absolute zero, 
a direct perspective of tht Euclidean imaginary circle 
in the pLanc at infinity This sets up a polar relation 
between lines and planes in the point, just as Euclidean 
geometry sets up its dual in the plane 

In tcmrui of a continuous transition we can pass 
Horn a hyperbolic to an elliptic metric in two ways, 
the first of which consists of expanding the absolute 
quadric surface with real radius into the infinite plane, 
followed by contraction of the absolute quadric with 
imaginary radius Herr we pass through parabolic 
(Euclidean) gcomc try Or, secondly, we c an contract 
the real quadric into a point, and then rxpand on 
the imaginary side The geometry of the limiting 
point is, of course, the anti>Euchdc an one 

Or again the hmte real absolute quadric gives 
rise to two non-Furlidean hyperbolic spaces, not just 
one Inside the absolute sphere we have a punctual 
space (like a distortion of the Euclidean), and out¬ 
side, a primal space Whitehead* calls these space 
and anti-space hor an infinite radius, we have all 
space , for zero radius, we have all anti-space 


1 I ocher* gives an axiomatic treatment of anti- 
Euclidean geometry (particularly in Part II), as well 
as a good number of theorems , he also makes a few 
speculations about possible applications to scirncc 
G Adams and O Whig her* deal with the applica¬ 
tion of anti-space to living plants The authors write 
with almost religious fervour, and engage in what 
seem to be fairly wild speculations A botanist, in 
fact, might well throw his hands up in horror, but 
to my non-botaniral eyes the book contains some 
stimulating ideas 

D Pascal made a pun which is quoted 4 by I de 
BROGLir and which seems very applicable to the 
section on dual hypotheses 

1 Par l’espacc, I'univers in’rngloutit cl me comprrnd 
comme un point par la pensee je le comprend ’ 

As far as my own interests go, I am beginning to 
wonder about the applicability of primal geometru’s 
to optics 

F J 7 UCKER 

Apartment jVo 4 

iyOio Massachusetts Avenue 
Cambridge 7 0 , Mass , U S A 
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Miscellaneous Notes 


birthday honours 
The list of honours includes the following 
Kmghts Bachelor — 

Dr A N Drury, f rs , Director, Lister Institute of 
Preventive Medicine ,DrN B Kjnnear, lately Direc¬ 
tor, British Museum (Natural History) , Dr J I O 
Masson f r s , Vice-Chancellor, Sheffield University , 
J E Myfrs Principal, Manchester College of 
Technology 
KCB - 

Sir Ben Locks fewer, Secretary, Department of 
Scientific and Industrial Research 


THE ROYAI SOCIETY 

Under the Statute of the Royal Society which pro¬ 
vides for the election of persons who either have 
rendered conspicuous service to the cause of science 
or arc such that their election would be of signal 
benefit to the Society, Dr G M Trevelyan, o m , 
cbs, has been elected a Fellow of the Society 

university appointmfn rs 

Birmingham —Professor E A Peel has been appointed 
Professor of Education and Head of the Depart¬ 
ment of Education 
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Henot- Watt College, Edinburgh —Professor H B Nbhet 
has been appointed Principal, and Dr I \ Prfece, 
Profeoor of Brewing Chemistry 
Ibadan, Meerut- Professor W Hamilton Why re has 
been appointed Director of the Institute of Sot lal 
and Eeonomie Research at University College, 
Ibadan, and will take up his duties in Septi mbc r 
* 95 « 

Leeds - Dr F S Dainion has been appointed to the 
Chair of Inorganic and Physical Chemistry 
Leicester —H P Moon, lecturer in charge of the 
Department, has been appointed Professor of 
Zoology 

Manchester — 1 he C ounril has appointed M J 
Lkhthill as Bizer Professor of Applied Mathe¬ 
matics in succession to Proftssor S Got ostein, 
p r s 

St Andrtws — H G Caiian has been appointed to 
the (’hair of Natural History which has bet n 
\acant since the death of Sir D’Arcy Thompson 
Southampton — A N Bi ack will sueceed Prolessor 
T R C ave-Brown-C ave, c b e , as Prolessor ot 
I ngineenng 

N4TIONAL RESEARCH f 0UNC1I OF CANADA 

Laboratory tests on beet molasses havt shown it to 
be such an excellent raw material lor the Cutanedrol 
production by fermentation with Bacillus polymyxa 
that the work is being carried to the pilot plant stage 
Good results have also been obtained with Aerobaiter 
at rodents and Pseudomones hydrophyla , yields being close 
to the theoretical limits Most of the difficulties in 
purifying waste sulphite liquor before remit ntauon 
have been overcome With organic salts and an 
organic stimulant this medium also products high 
yields of diol 

THIRD WORLD PETROLEUM CONC RFSS 

The C ongress will be held in the Kurhaus, Schevc- 
ningcn, Netherlands, 28 May-6 Junt 1951 Four lec¬ 


tures are to be delivered by speakers of international 
rrputation The lecturers and subjects will be J J 
Brorzr * Future aspects of the applications of fuels 
and lubricants \ G Hugel ‘ R6crnts prognS dans la 
chunie du petrole et dc ses derives G M Lees 
‘ The oilfields of the Middle Fast ',E V Murphree 
1 Benefits from research to the Petroleum Industry ’ 

correction 

We have been asked by the author, H Hoiifr, to 
state that during shortening of the article ‘I abora- 
tones of the Carlsberg Foundation ’ for publication, 
p 278 of our last issue, two names were inadvcrtcntls 
omitted , these are Dr Albert Fischer, Direc tor of 
the Biologic al Institute of the Carlsberg Foundation, 
and Dr V Vfdfi Taning, Director ol the Marine 
Biological Laboratory at Charlottenlund 

COMINC EVENTS 

First Mtcrochemical Congress, Graz, Austria, 2-6 July 
jih Plenary World Power Conference, London, 10 15 July 
International C ortference on the Properties of Scmi-conducting 
Materials , The University, Reading, 10-15 July 
Seventh International Botanical Congress, Stockholm, 12- 
JO July 

Joint International C ounal of Scientific Unions Commission 
on Radioactive Standards and Units, Paris, 17-18 July 
Fifth International Cancer Congress, Pans, 17-22 July 
XVlth International Congress of Opthabnology , London, 
17-26 July 

Sixth International Congress and Technical Exhibition of 
Radiology, Royal Horticultural Hall, London, 24-28 
July 

Fourth International Congress of Sod Science, Amsterdam, 
24 July-1 August 

International Anatomical ( on^ess, Oxford, 25-28 July 


New Books 


Die theoretischen Grundlagen der 
analytischen Chemie 

O hagg (Translated into German by i( baumann from 
fourth Swedish edition) 

{m97 PP, *5 s 9l « k? 81 in) 

Basel Verlag Birkhauner, iq«y> ? hr 18 00 or 22 00 
Professor Haoo’s work was written to fill a gap 
m books available tomiuvenity students in Sweden 
Treatment of the subject is similar tq^ that in a 


number of standard texts on analytical chemistry 
though the omission of reference to details of 
analytical procedures enables the author to gain 
greater emphasis in his treatment of the theoretical 
basis of the subject It is based on the Bronsted 
conception of acids and bases, together with solu¬ 
bility and redox equilibria The underlying physico¬ 
chemical principles are clearly stated and, in the 
later chapters, are applied to such familiar problems of 
qualitative and quantitative analysis as neutralization 
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New Bodes 


and pncipitation reactions, the properties of prt 
cipitatrs, complex formation and redox titrations 
It is regrettable that no references to original pape rs 
arc given A book of this type is unlikely to be of 
any great use to English students, but it should 
interest teachers of analytical chemistry A par¬ 
ticularly useful feature is the employment of a 
logarithmic concentration vale in diagrams showing 
neutralization and precipitation processes A number 
of valuable numerical examples are also given at 
the end of each chapter 

H J EmeU-ais 

An Introduction to Photo-clastic Analysis* 

A W HENDRY 

(inn H ftillus, 7] n by d w) 

I ondon Blaikie and Son I id 11)48 y\ C>d net 
Tiierf has long been a need for a concise but 
comprehensive and up to date introductory textbook 
on photoelastu analysis —a need which has now been 
met With no previous knowledge of photoelastic 
technique anyone proposing to install an industrial 
photoelastic laboratory would do well to read this 
elementary exposition of the subject ITr would find 
there basic optical theory, a clear dtwripiiou of how 
photcxlaslic fringe patterns an produced, methods 
of measuring fringe orders, descriptions of the various 
forms of compensators, methods for separating the 
principal stresses, use of the membrane analogy for 
determining P Q, (denoting the principal stresses 
at any point) throughout a plane model, a discussion 
of the most common types of polarise opes and of 
photoelastu technique, a survey of photoelastu 
matt rials and their piopertics, a short description 
of the ‘ stress freezing * method, and, finally, a useful 
bibliography for furthc r study A clc ar and adequate 
exposition is given of the harmonization process for 
numerical volution of Laplace's equation This 
purely analytical process for dcUtmining the values 
of P d Q, throughout the interior of a plane mode 1 is 
rapidly growing in favour because it requires 
no additional measuring apparatus an 1—more 
important still—involves no expenme ntal errors 
other than may occur in the fringe pattern With 
this method and the membrane analogy ready to 
hand one would not dream of using lateral extenso- 
meters which are so sensitive to temperature 
fluctuation 

Somewhat surprising is the omission of reference 
to the Tardy method of compensation, in which 
rotation of the analyser to produce extinction gives 
the fractional fringe order with good accuracy, 
using monochromatic light The high accuracyt 

* bee nJflo p *o6 of (hn m*te 

t Brown A l* t and Hkrikjn V M Impmfmnth in PlmtotlmtH 
7fdbntnr aAfmntf Imum/ i Phttomtiw Mrtfmd mmnuiiurRied to the 
Seventh fnternetioniiJ ( mifim of applied Mrrliahiin London, 1048 


which can be achieved by this method when using 
a photometric method of observation has been 
described 

The author appears to have been misled bv the 
fact that common bakchte is a phenol-formaldehyde 
product Although bearing the same trade name, 
photoelastic bakehte (BT 6 r-Sgj) hears no chcnuc a! 
relationship to the phenol-formaldehyde resins, being 
actually a glyptal polymer FosUnte f which is said 
to be a generic name for copolymers of organic 
acids and diethyhnr glycol with styrene and the 
announcement of which in the USA holds out 
gre at prospects for three dimensional analysis, is not 
mentioned 

Ihe book is well illustrated, with photographs, 
diagran<j and sketches, and is wnlte n in simple 
language, with an absolute minimum of mathematics 

WAP Fisher 

Encyclopedia of Chemical Technology, 
Vol II 

Ldited by r l kikk and n t oihmi t 
(u’l | 915 pp, illus i(>\ ui by 7i in) 

New York Intcrsuenre Publishers Inc 1949 >Jooo 
London Intersocme Publishers I id 1949 140* 

Tills volume dials with Anthronc to Carbon \n 
and the whole work will lx enmpleUd in ten volunu s 
The e n< yclopaedia reflects large ly Am« ncan prat tic e 
and most of th< relerences an* to American journals 
but a comprehensive summary is given of mdustnal 
chemical processes and produits with reference also 
to the equipment employed 111 the manulactuir of 
chemical products 

By accident ol its alphabetical sequence, this work 
contains a number ol articles dealing with medical 
compounds, such as anti-anaemia preparations, 
antibiotics, antiseptics, antispasmodics, bile con- 
sUtuents, blood albumin, blood fractionation and 
blcxxl plasma There are also several unusual 
headings sueh as anti-free^es, diy batteries, bearing 
metals, brake linings, building materials and cable 
coverings but these are adequately considered from 
the viewpoint of the chemical engineer and chemist 

Treatment of subjects varies between different 
authors of whom there are over wo conlnbutors to 
the present volume Thus, in some subjects, the 
historical background is given in some detail, but it 
is left out or incomplete in othrra There are fewer 
of the flow diagrams illustrating mdustnal processes 
which were such a valuable feature of the first 
volume, and thus the article on antibiotics does not 
give any diagrams and relatively few details of the 
mdustnal processes used in their manufacture, but 
these will probably be given in later volumes dealing 
with such products as penicillin and slreptomyrin 
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These volumes compare favourably with Thorpe’s 
Dictumary of Industrial Chemistry and Un mann's 
Encyclopaedia der techmschen Lhemte rhty havi a 
much more industrial outlook than the former and 
include much information not given in the latter 
although in general the treatment is not so systematic 
as Ullmann The volumes are well produced with 
a large numlx r of illustrations, and will be an 
essential part ol the equipment of all chemical 
laboratories of any standing 

F H Garnfr 

He matin Compounds and Bile Pigments 
Their Constitution, Metabolism and 
Funi tion 

r iXMBERr and j w lecoe 
(\j wi-\ yfjo pp, illus , gin by 6 in) 

Niv\ York Intrrsriemr Publishers Inc 19^9 ¥1500 

London Intcrscicncc Publishers Ltd, 1949 1201 

I his line book covers the imnu nsc he Id of haematin 
compounds and bile pigments with a remarkable 
ability and comprehensiveness After a brief intro¬ 
duction there follow* thirteen chapters devoted to 
methods of investigation, porphyrin chemistry, 
haematin compounds, haemoglobin and its com¬ 
parative biochemistry, haematin enzymes, bile pig¬ 
ment formatiem and either irreversible alterations oi 
haemoglobin, metabolism of haemoglobin in the 
body, bio-synthci»is of porphyrins and the place of 
pyrrhol pigments in evolution The bibliography 
contains references to over 3,000 original pap< rs and 
textbooks Such an encyclopaedic enterprise might 
well have degenerated merely into an exhaustive 
and undiscenung compilation , per contra , the authors 
have in nearly every chapter effected a really c ritic al 
and readable synthesis of existing knowledge up till 
1946 (and in some cases up till 194B) Furthermore 
they have on many o< casions mtc rspc rsed new ideas 
and suggestions of their own, which not only stimu¬ 
late the reader at the actual time at which he reads 
the book but may well influence his research fruit¬ 
fully lor years to come 1 hough the standard of all 
the chapters is high, particular mention must be 
made of those dealing with porphynn and haematin 
chemistry, and with the metabolism of these com¬ 
pounds and of haemoglobin in the body For many 
years the work of R Lemberg and his school has 
been devoted to these difficult problc ms and to the 
reviewer’s knowledge no comparable review on these 
important topics has previously been available in 
English 

In their preface the authors justly observe that 
4 in textbooks of biochemistry and physiology the 
subject is rarely treated with the care which its 
importance demands* Perhaps because of the lark 
of a suitable monograph serious errors are frequent, 


hypoth< ses of doubtful value are given as fac ts, and 
there u a time lag of many years, sometimes of 
decades, between the present day knowledge avail¬ 
able and that summarized m the textbooks * Their 
own monograph is certainly pre-cminenliy fitted to 
repair these deficiencies 

1 

Misprints and minor errors of fact are cominend- 
ably rare, though in such a giant undertaking it 
would be humanly impossible to avoid occasional 
slips thus e a on p 323 the pH of the try throe ytes 
is given as about 7 j., which is, in point of fact, the 
normal figure for the plasma, the of the ery¬ 
throcyte being about o a unit more acid \ more 
important matter is the proportion of space devoted 
to the various topics Here there is, of course, room 
for many opinions, but some readers would have 
welcomed a fuller discussion of the modem magnetic 
and electron chemistry work, at the expense perhaps 
nt some of the pages devoted to oxidation-rc durtion 
potential 

Hu l>ook is as a whole wc II printed and attractively 
produced, but unfortunate ly the vc ry high price will 
almost certainly place it outside the scope of many 
workers in biology, physu s c he mistry and medicine 
who would wuih to own it Present day costs of 
production no doubt necessitate such prices, but 
also raise the serious question whether some means 
ought not to be found of relic ving the researcher’s 
pocket ol the cost of 1 ssc ntial textliooks, which an 
really as much the tools ol his trade as are the 
apparatus and laboratory services, for which hr does 
not normally have to pay 

In conclusion the authors arc to be congratulated 
on a classical ac hievcmcnt and an outstanding 
service to the ir scientific colleagues in many different 
fields 

F J W Rough ton 

Interplanetary Flight 

A C CLARKE 

(vm+ifypp, 13 illus, y\ IR by 5 in) 

London Temple Press Ltd 19^0 & 6 d 
At the present time, when popular journals and the 
popular press present feature articles on the coming 
conquest of space with a monotonous regularity, 
A C C1 arke’s short but authoritative manual u a 
wholesome corrective to the wilder imaginations 
Writing as an ardent propagandist for the cause of 
space travel, hr is commcndably honest in his 
appraisal of the difficulties to be overcome As he 
point* out, a single-step chemical fuel rocket could not 
possibly cm ape from the earth owing to the limiting 
maximum velocity (limiting both by reason of the 
temperatures and pressures involved and by the very 
nature of chemical fuels) of around g km/sec The 
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utilisation of atomic rnc rgy for interplanetary flight 
11 even more hazardous and unlikely—the twin 
problems of cooling and size seem conclusively 
unfavourable The author’s suggested solution u a 
composite ont, involving use of chemically fticUcd 
4 tug' rockets to reach orbital space stations a few 
hundred miles up, and the construction, at tually in 
space, of atomic powtred giant vessels for the sub¬ 
sequent interplanetary journeys He does not dwell 
sufficiently, perhaps, on the fantastically difficult 
engineering problems involved here That he is 
aware of them, however, seems clear from a passage 
on p iaj The suggestion that rocketry may be to 
astronautics as ballooning was to aeronautics and 
that the answer may somehow lie in the deeper 
understanding of gravity itself rt moves the whole 
question of spare flight back to the realm of un¬ 
supported theorizing 

C S Youd 

Fatty Acids and Their Derivatives 

A W RALSTON 

(* \-9B6pp, tilus, fijm by jim) 

New \ork John Wile> and Sons Inc , 1948 $10 00 

Ixrndon Chapman ami Hall Ltd, 0)48 Samel 
The subject matter dealt with in this book embraces 
considerably more tlian its title signifies Not only 
are the naturally occuriing fatty acids dealt with, 
but also those which have been nbuinrd synthetically 
either fiom the naturally occurring acids or by 
formal syntheses Die higher normal hydrocarbons, 
alcohols, and dibasic acids in their appropriate 
sections have, lor the purposes of this monograph, 
been considered as derivatives of the fatty acids, a 
factor which greatly amplifies and enhances the 
scope of this book 

fhc chemical properties of the ac ids are described 
in detail and an exceptionally well written chapter 
deals comprehensively with their structure and 
physical properties 

lhe preparation of the fatty acids from naturally 
occurring fats, including a review of the intriguing 
problem of the mechanism of fat hydrolysis, is 
adequately dealt with and data are given for the 
characterization of a considerable number of acids 
by the usual derivatives, and also by some more 
novel though certainly not less useful compounds 

The chemical and physical properties of the 
simple alkyl esters, glycol esteri, and synthetic 
glycerides, together with amides, substituted amides 
and amines, the anhydrides, acid chlorides, aldehydes 
and ketones, the alcohols, their esters, ethers, 
merraptans, sulphides, and sulphonatcs, and the 


metallic soaps, are all described, though not in the 
above order, with equal thoroughness 

The addendum is essentially a brief review of 
advances which occurred during preparation of the 
book Specific references to newer syntheses of 
olehnic and polyethylenic acids would have been 
welcomed, as also would have been reference to the 
elegant contribution of Bun Hoi and associates to 
the chemistry of compounds exhibiting antileprocidal 
activity 

Developments of Farmer’s theory for the 
mechanism ol autoxidation and the later con¬ 
tributions to the study of the mechanism of addition 
of hydrogen to polyclhenoid systems might have 
been quoted 

lhese minor (ntirisms in do way detract from 
the value of such a well documented book which 
shows dear evidence of the author's careful choice 
both of subject matter and arrangement, and of 
careful proof-reading It should certainly be 
available to all those whose work entails any contact 
whatsoever with ihc fatty acids and their derivatives 

M L Mkara 


Books to Come 

Geochemistry K RANKAMAandr g saiiama (9 00 pp, 
ilhu, i) $ in by $2 «*) Chicago, LJ S A Univt rsity 
Press $ 15 00 , I ondon Cambridge Umvt rsity 
Press 11 jj Sd 

Physical Aspct is ol Organic Chemistry w A waters 
(552 pp, tilus, demydvo) London Routledgc and 
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Introduction to the Calculus of Variations c 1 ox 
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c 1 jo tilus) Basel Verlag Birkhauscr c SFr 35 00 
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Formation of Munroe Jets and their Action on Massive Targets 

W M EVANS, MV, PhD and A R UBBELOHDE, M A, D Sc 

The use of * hollow charges * has been discussed in explosnes teihmgue for many years 1 ' 1 * but , 
in sptte of suggested practical applications oj the phenomenon , very little was known about 
their real nature Basic research was initiated in the United Kingdom around 1Q41 to form a 
background to various applied developments * The grou th oj a few fairly nmple experimental 

concepts stimulated the development oj physical theories of the effects 


THE CONCEPT OF MUNROE ‘jETS* 

Bare hollow charge f— One of thi simplest forms ot 
hollow charge 11 a cylindir of txplosivr detonated 
from one end, and with a hollow, usually a figure 
of revolution, at the other end {Figure i) Thi depth 





figure j 1 yfncal hollow charges used 1 n experimental work 
A No 8 Bnsfta detonator, B plasticine tamping , C tardboard 
or metal tubing, D plastic explosive, E metal lining to hollow 
of sperual or conical shape 


of the crater formed in metals such as steel or lead 
can be used to characterize the effect of a hollow 
charge on detonation A very simple experimental 
study was that of the effect on the target of inen aac 
of distance between charge and target With a ban 
(or unlined) flat ended charge, a gap of as little as 
25 per cent of a charge diameter (see below) suffices 
to reduce the effect to about 30 per cent of its former 
value (Figure 9 curves 3 and 4 ) With bare hollow 
charges, rapid decay was again observed, though 
certain characteristics such as crater depthf reached 
a maximum when the base of the hollow was a small 
distance from the target (cf Figure a curve 2 ) 


Thu very rapid decay made it difficult to attribute 
the effects specifically to the very high pressures or 
very high temperatures of the products of detonation, 

* Papon* partmilariy —nriitrrf with some of the work reviewed 
m thi paper were D CL Pack, W W Rees end G E Roberta 
t See wo Evan*, W h end Umslohdi, A ft Some Kinematic 
Property* of Munroe Jet*, Fig*r§ t Rttmrtk fa preaa 


except on the assumption ol very rapid eoohng as 
the products moved away from the explosive 

In addition, it was not clear whether the maximum 
effect (Figure 2 , c urvt 2 ) near the base (or end) of 
the charge was to be attributed to some form of 
focusing ol the products of detonaUon from the 
hollow analogous to the focusing of plane light 
waves by a reflet ting surface ol revolution 

Hollow chargis lined with metal — When the hollow 
was lined with a thin layer of metal the volume of 
the crater produced was larger than that produced 
by the unlintd cliargt Characteristics of the crater, 


Distance of end of charge from lead block 



Figure 2 Axial damaging effect in lead blocks of 
small charges with shaped ends as measured by 
depth of crater 
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btgure ) Sntumed mild steel targets illustrating the charaitenstic crater\ fmtductd by jets from tharges with shallow 
hollows lined with metals of high and qf low boiling point and f,red at 1 anous stand-offs 


tilth as depth, rt ached a maximum at a considcrabh 
distance from the base of the cl urge and com¬ 
paratively large penetrative (fleets persisted ovir 
many charge diameters {Figure a, curv< 1 ) 

This suggested that on detonation oi the explosive 
the metal lining formtd some kind of projectile which 
persisted in space after the products of explosion had 
been dissipated, and which was the agent of pene¬ 
tration, as could be observed by its prt v nee all over 
the surface of the crater Whether it was acting liki 
a tongue of hot dense gas, or 111 the form of solid or 
liquid particles moving with high velocity remained 
to be discovered The temperature of tht metal 
arrested in the crater would undoubtedly be raised 
to a high value by impact 

To test for the vaporization characteristics of the 
projectile a senes of metal linings of ascending 
boiling points was used The effects were found to 
depend to some extent on the shape of the hollow 
(sec below) With a shallow hollow (Figure 1) it 
was observed that a metal of low boiling point surh 
as cadmium, zinc or lead + antimony leads to a 
penetrating tinger-likc projectile, whrrcas a me tal of 
high boiling point such as iron kadi to a * blunder- 
bun * effect (Ftgure 7) 1 his gave nsc to the suggestion 
that on detonation ol the explosive the material 
lining the hollow was formed into a kind of jet With 
a lining of cadmium, for example, the jet might be 
■composed of a stream of dense vapour, and with 
iron, of a stream of fine hagments The gaseous 
jets from bare charges would have a much lower 
density than cadmium jets, but otherwise would be 
similar 

Thu experimental concept of Munroe jets largely 
emancipated further research from the rather 
mysterious ' hollow charge effci tleaving for further 
study the problems of how the jets were formed, 
how they behaved m travelling through spare, and 
how they acted on various materials with which 
they came into contact 


MODF OP AC I 10N OP JETS ON MASS1VF 
I ARC ETS 

Metal targets — lhe supposition that the jets actid 
by eroding (he crater material, in the way that 
water from a hosepipe could dissipate a heap of 
sand or an oxy-hydrogen flame rapidly melt away 
a steel plate, was disproved bv a simple experiment 
The weight and volume of stcil targets were deter¬ 
mined before and after attack by jets, from which 
it was cl*ar that negligible Josses of target material 
occurrc d due to crate r formation, thus showing that 
erosion was negligible , the jets merely pushed aside 
the material (Table l) l*or targets of low boihng 
point it was c lear that erosion did play a part whe thrr 
by vaporization or by local fragmentation on impact 
due to low strength 

Dus pushing aside of target material is funda¬ 
mental lo the action of Munroe jets By measuring 
the hardness of mild steel in a section cut through a 
target in which a crater had been formed it could 
be verified that almost all the hardening by cold 
working was due to the displactmcnt of target 
material normal to the axis of the crater (Figure /) 

Stopping powers of different materials — By arranging 
for a given typ< of jet to penetrate various thicknesses 
of a range of materials, before encountering the mild 
steel on which they rested, the remarkable result was 
obtained that the stopping powrr of* fluid ’ materials 
such as water and beeswax was as much as one third 
that of mild steel Furthermore, freezing water to 
— 70°C produced an insignificant increase in its 
stopping power 

Thus it was evident that the primary action of 
1 solid ' target materials like mild steel on the jets 
did not differ in kind from the action of fluids I his 
was later elucidated theoretically by the explanation 
that the pressures exerted by Munroe jets are so 
high that most materials behave plastically, at least 
to a first approximation In the last stages of crater 
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Table I Comparative Target Damage from Different Metal Ltntngs (Shallow Hollows) 
50 gm t har%ts in cardboard tubing it m (a 8 cm) diameter (Figure 1) 
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in the hemispherical and shal¬ 
low hollows, which indicated 
different mechanisms of forma¬ 
tion lor conical and spherical 
linings 

Obs< rvalions on targe ti 
showed that the tnsjur process 
ol collapse of the mttal lining 
appeared to be complete in a 
distance of 1 to j charge dia¬ 
meters from the base of the 
charge depending on the shape 
of the hollow and the thickness 
and nature of the metal lining 
Be yond this dutanc e tht jc t 
t ontinurd to change as it 
travelled through space, but 
its formation was not pre vented 
by 1 blocking ' the path with 


formatioi the strength of the material is however massive targets These deductions were confirmed 
found to play a controlling part later by x-ray flash radiography 


MECHANISM OP FORMATION OP M tNKOb Jf 1 8 

(hange of shape of jets in spare — By detailed observa¬ 
tions on targt t damage at different distances (called 
1 stand-off ’) between the hollowed base of the 
charge and the target, it was established that most 
jt ts change their shape as they travel through space, 
probably because of velocity gradients in the various 
parts of the jet 

for effective jet formation it was essential to 
postulate the collapse of the metal lining filling 
the hollow in the charge even with fluids such as 
water completely inhibited jet formation from all 
shapes of hollow If the axis along which the jc t 
would form were blocked within the hollow r g with 
a narrow steel pm, jet formation from the deep 
conical linings was again largely prevented Such 
prevention of jet formation was much less marked 



bffect oj shape of hollow on the formation of jets 
With most deep hollows whether conical or in the 
form of spherical caps (deplh/aperture greater than 
about o 4) the nature ol the metal made much less 
difference to the jet charac teristics than it did for 
shallow hollows (Figure*5 and t >) For shallow hollows 
(cf also Figure j) various results stiongly suggested 



2 f f 8 tO 12 fO 
Distance m charge diameters of bast of charge from target 

Figure 5 Tyi 
venous sp 


333 




Research Supplement 3-7 w m evanb and a r itrbelohde Formation of Munroe^Jets 



bigure 6 Iypual penetration I stand-off t ones for 

various toxical liners (mild steel target) 


that the soft metals of low boiling point broke up 
into very fine particles as a result ol the detonation, 
and that the < loud of metal had many of the proper¬ 
ties of a dense narrow jet of vapour with high cn< rgy, 
and with high pinetrativr charart< ratios On the 
other hand, metals of high boiling point and high 
strength gave much broader and less penetrating jets 
It appeared that the fragments into which the lining 
broke up followed mori or less completely (according 
to their size and mass) the gas flow imposed by the 
curvature of the hollow 

By firing these jets into soft materials such as icc 
or solid < arbon dioxide the fragments were coHectrd 
after melting the ice or carbon dioxide and were 
submitted to physical and chemical examination, 
including x-ray analysis Metals such as cadmium 
apparently 1 vaporized^ completely Linings o( mild 
steel gave fragments of various sizes, including spheres 
approximately o 4 to o 1 mm in diameter, and there 
was abundant evidence of nitndmg and carbtding 
of the surfaces of these and larger fragments The 
concept of the jet derived from such experiments was 
that of a sequence of fragments which interact 
chemically and thermally with the detonation pro¬ 
ducts With metals of low boiling point such as 
cadmium this interaction is 10 extensive that vapori¬ 
zation results, but with steel only the smaller frag¬ 
ments become completely molten in the jet 


For deep hollows, particularly cones, although 
much fine fragment material was collected there was 
always evidence of a more or less massive plug, the 
formation of which has been explained in terms of 
the ( squirt 1 theory of jet formation 14 

It seemed likely that there were two distinct 
modes of formation of Munroc jets—the deeper 
conical hollows giving * squirts 9 of high velocity, 
and the shallow hollows, particularly when spherical 
in form, giving jets which depended much more on 
the gas flow following the fragments of the lining 

Particulate linings composed of steel fragments of 
very small size should be able to follow the gas flow 
much more completely than the larger fragments 
from a continuous stctl lining Tests with shallow 
hollows lined with a paste of steel filings of average 
particle size io~* gm/particle and io _1 gm/particle 
respectively gave narrow jets similar to |rts from 
cadmium linings Fxamination of th( effect of the 
gaseous dt tonation products on such pre-formed sue! 
fragments showed abundant evidence of interaction 
with the hot gases, and were very similar to the 
effects observed with the smaller fragments from a 
continuous sterl lining 

Shallow spherical cap* tilted at an angle 0 to the 
axis of propagation of detonation along a cylindrical 
charge showed a marked difference of lirhaviour 
depending on whetht r the metal broke into very small 
fragments (cadmium) or into large r fragments (steel) 
With cadmium fanning out ’ of the je t occurred 
whereas with strel the jet remained approximately 
normal to the axis of rotation of the hollow (Figure 7) 
after allowing for rotation of this axis through an 
angle <p given by 

smO/sinp — ujV 

where u — velocity of detonation and 

V - velocity of the projected fragments com¬ 
posing the jet ujV was found approxi¬ 
mately equal to 3 for both steel and 
cadmium 

With cadmium the jet axis was rotated in the same 
sense, but in addition the jet was distorted as if the 
detonation products continued to deflect the cadmium 
for some time after the initial impulse 

EXPtEREHENTAL DETAILS AND RESULTS 

I hr experimental details in the work described 
involved the use of comparatively simple apparatus 
and techniques 

Explosive charges — The main features are illustrated 
in Figure / No 8 Bruka were the most powerful 
commercial detonators readily available With their 
use in charges of the kind depicted, reproducibility of 
results in successive experiments could generally be 
obtained to about ± 5 per cent To promote uniform 
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initiation, a tamping of plasticine was pressed down 
on to the rear of the charge, about 25 per cent by 
weight of the mass of explosive used Where it was 
desirable to avoid damage from fragments of the 
casing, the charge rasing was of cardboard soaked 
in bakehtr varnish and baked However, larger 
effects were obtained from a given mass of explosive 
when the easing was of steel To secure uniformity, 
lengths were sawn from large batches of seamless 
tubing drawn from the same batch of steel Com¬ 
mercial tubing as used for steam and gas fittings was 
also used rhe ratio wught of chargc/weight of 
casing was normally about o 48 save in special 
experiments 

The various metal linings of deeper form wen 
pressed from metal sheets in one or more stages in 
hand presses, using very carefully shaped moulds 
lhe shallow linings were formed by pressing on to 
a steel sphere (ball bearing) and shearing off by a 
atcrl cylinder eg a 3 m (7 6 cm) sph<re for a 2 m 
(5 1 cm) diameter cylindrical charge In a few ex¬ 
periments machine turned metal linings were used 

Typical thicknesses of lining used varied from 
o 027 D for stei 1 to o 068 D for aluminium (D — one 
charge diameter as unit of length) Simple centring 
devices were employed to ensure good alignment of 
charge case with the axis of the metal lining, which 
was pushed firmly against the plastic explosive so as 
to secure good contact with all parts, with no augaps 

Targets — Stc el targets were normally cut from mild 
steel bar, 3 in diameter, selected so as to be free from 
tore For special purposes stacks of mild steel slabs 
of about 6 m (152 cm) square section were used 
since it was found that the penetration was not 
significantly different from that in a corresponding 
solid target When required, targets of other metals 
such as cadmium, lead or aluminium were normally 
cast into steel tubing The aim generally was to 
approximate to 4 infinite targets 1 For this purpose, 
the length (and where necessary the diameter) of a 
target was progressively increased, in successive ex¬ 
periments with any particular set-up, until further 
increases made no more difference within experi¬ 
mental error to the effects observed, such as crater 
depth, crater volume, and crater diameter Methods 
of measuring these effects and of weighing the targets 
presented no special difficulty save where allowance 
had to be made for the material lining the hollow 
charge when this stuck in the crater 

In investigating the stopping power of materials 

other than steel, such as water, ice, beeswax etc the 

appropriate substance was usually cast or filled into 

a light steel cylinder immediately in contact with a 

steel target, so that the residual damage in the steel 

after the jet had passed through the material could 

be attested Special experiments showed that a much 

*- 


larger lateral extension of material gave substantially 
the same effects 1 his is due to the short time involved 
in the passage of the jet during which lateral dis¬ 
turbances in the target cannot travel very far 

C ollection and examination of fragment r— I or these 
experiments the jets from 1 38 in (3 5 cm) charges 
were fired into deep steel cylinders 8 to 10 in (20 3 
to 25 4 cm) in diameter containing a sufficient depth 
of ice or solid carbon dioxide so that the bottom 
layers were untouched rhe recovered fragments 
were examined by standard metallurgical techniques 

Mounting of the charge 1— Owing to the very short 
time involved in the detonation of the charges and 
the formation of the jets, comparatively light wooden 
structures could be used for mounting the charges 
at the appropriate distances from the targets Most 
charges were fired vertically they were merely 
placed on the target, the appropriate stand-off being 
achieved by three light supports or by cardboard 
tubing Special experiments showed that mountings 
with much greater inertia made no difference to the 
results 

Notes — Fxact calculation of the percentage erosion 
when this is small depends on exact evaluation of 
the weight of lining sticking to the target The 
figures quoted in Table I are estimates of the upper 
limit of loss 
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Charges 13m (33 cm) from target except No 1 
and No /j which were at o 2 in (05 cm) and o 23 in 
(06 cm) respectivt ly 

The percentage erosion is obtained by dividing the 
loss in weight of the target by the weight of thr target 
'metal displaced by the crater 

Acknowledgements are due to the late Sir Robert Robertson , 
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are reproduced by permission of the Controller , H M S O 
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Estimation oj the Surface Areas of Powders 
from the Temperature Dependence of 
Adsorption from Solution 

Harkins and Cans 1 in 1931 suggested that the 
surface area of a line powder might be measured by 
determining the adsorption isotherm on the powder 
of a long chain organic compound from solution In 
tht method originally proposed, the amount adsorbed 
was lound by miasunng the strength of the solution 
at equilibrium, by chemical analysis The introduc¬ 
tion of the I angmuir trough as a means of analysis 
for such compounds 1 enables the adsorption iso¬ 
therms to be obtained more easily, and the method 
11 now simple and convenient 

In the literature, adsorption isotherms arc usually 
plotted as thr amount adsorbed against the absolute 
concentration C of the solution However, the maxi¬ 
mum range of concentration over which adsorption 
can be studied is from zero to saturation, and for 
some purposes it 11 more useful to use, as abscissa, 
the relative concentration C/C B , C, being the satura¬ 
tion concentration It is apparent that C/C 0 may be 
changed in two ways 

a by variation of C while keeping the temperature 

(and hence C 9 ) constant, and 


b by variation of temperature (and therefore C f ) 
while keeping C constant 

If the limiting amount adsorbed does not d< pend 
appreciably on temperature, a plot of amount ad¬ 
sorbed against the Umperalure or its reciprocal 
(method b) should contain a linear portion approxi¬ 
mately parallel Lo the tempt rature axis , this could 
then be used to evaluate the surface area 

The authors have employed both methods using 
solutions of stearic acid in benzene The adsorption 
curves obtained are compared in figures / and a and 
the surlacc areas evaluated from them given in 
Table J The good agm ment obtained from the two 


TabU I 


Powder 

Areafrom 
isotherm 
m'Igm 

Area from 
temperature 
dependence 
m'lgm 

TiOj 

7 b 

73 

SiO, 

46 

47 

TiC 

i 23 

■ 3 * 

S.C 

054 

060 






Research Correspondence 


Research Supplement 3-7 


Absolute concentration 

0 _ 2 _*_ 6 _ 8 mfl/ml 10 

mg/gnv 


20 



0 02 OU 06 08 10 

Relative concentration C jC % 

Figure t Adsorption isotherms 

methods will be noted , this confirms the icsull 
obtained by Hfynf and Polanyi* that the variation 
with temperature of the limiting amount adsorbed 
from solution is small 


correspondingly larger amount of solute would have 
to desorb to cause a detectable change in the solution 
concentration Estimations of the amount adsorbed 
from concentration determinations would therefore 
become piogrrssively less accurate with increase in 
volume If, on the other hand, some of the solution 
is replaced by pure solvent an error in the estima¬ 
tion of the concentration of the solution withdrawn 
leads to a corresponding error in the estimation or 
the solute remaining, this error is cumulative with 
each replacement In the temperature dependence 
method these manipulations are not made , only a 
sufficient volume of solution for analysis need be 
withdrawn and since this volume may be no more 
than one half per cent of the total volume of solution 
the cumulative error is very small 

W Hirst 
J k Lancaster 

Research laboratory 

Associated Electrical Industries l td 
Aldermaston Court, Berkshire 

(Received May 1950) 
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1 hi ic mperature depende nee method posse sscs two 
advantages 1 it involves less manipulation, and 2 
there is a smaller experimental error 

The reason for the second advantage is the 
following When determining the adsorption iso¬ 
therm on a particular sample of powder, the solution 
can be diluted either by adding pure solvent or 
replacing some of the solution by purr solvent In 
the first case the volume of solution would inci ease 
say tenfold, to cover the necessary concentration 
range, and with increasing volume of solution a 


1 emperature 
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Iodine Monochloride as an Ionizing Solvent 

Iodine monochlondt is known to act as a dis¬ 
sociating solvent for potassium and ammonium 
chlorides 1 and *lalkov and Kancanskaya 1 have 
shown that the first ol these solutes probably forms 
the 10ns K 1 and IC i A ~ In the solvent itself the ionic 
equilibrium 2 IC 1 ^I*' | IC. 1 ,~ is indicated by 
conductivity measurements", and there is thus an 
analogy with water and also with non-aqueou* sol¬ 
vents like sulphur dioxide 4 and bromine tnfluoride 1 

In a lurthcr study of solutions in iodine mono- 
chlortde it has now been found that antimony 
pentachlondc is soluble up to 1 mol per cent, the 
solution showing an enhanced conductivity which 
may be explained by the formation of the ionized 
compound ISbCl, (ISbCl, - J ‘ I f 4 SbCl,") When 
potassium chloride is added to this solution the 
conductivity is diminished, passing through a mini¬ 
mum when equimolar proportions oi antimony 
pentachlondc and potassium chlonde are present 
Further addition of the potassium salt gives a marked 
increase in conductivity due to the formation of 
KIC 1 . The following are conductivity data obtained 
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at 5o°C with successive additions of potassium 
chloride to a solution of o 0565 mol antimony penta- 
chloride in 1,000 gm of iodine monochlondc 

Mol KC 1 / Molar ratio bp (ond 

ifOoogm ICl kCJ/febCl, (ohm-hm * 1 < to b ) 

o — q 25 

00157 o 2f>fl 921 

o o 152 o 598 915 

o 0659 1121 10 01 

o 0880 1 505 11 17 

o 1160 1 980 1 a <J4 

The occurrence of the reaction 

I + lSbC'Ur \ K (ICl,] ± KSbCl, -h 2IC1 

was confirmed by the isolation ot potassium hexa- 
chloroantimonate in quantitative yield by repeated 
extraction of the solvent with carbon tetrachloride 
Hus, in terms of the solvent theory of acids and 
bases - , 11 a typical neutralization reaction, the 
solutes KI( 1 , and l|SbC 1 # ] reacting respectively as 
base and acid, in that they give rise in solution to 
the anion and cation oi the solvent Ihis conception 
suggests a different interpretation of the results of 
Fiaikov and Ku/m*nko t , who found that phus- 
phorus tri- and penta-chbrides formed with lodme 
monochlondc the compound PC 1 , Id, which they 
believed to ionize into [PCI,]^ and |IClj|"" A 
solution of the phosphorus c ompound may, however, 
be made to react with potas&iuin chloride The 
following conductimetnc data (50 T) show a more 
rapid nsc on conductivity for molar ratios KC 1 /PC 1 , 
greater than unity The initial concentration of the 
phosphorus compound (PCI, Id) was 00535 mol 
per 1,000 gm of I( 1 


Moi Kiaj 

Molar ratio 

bp Cond 

i 9 ooogm ICl 

MCI,/PCI. ICl 

(ohm-hm~ l X 

— 

— 

1 08 

00121 

0 226 

1 11 

00322 

0603 

1 15 

00522 

0 077 

1 20 

00872 

1 620 

138 

0 1083 

2 032 

1 53 

0 1385 

2 375 

I w> 


It is believed that the reaction is again one of 
neutralization, expressed by the equation 

IMPd.r f K-[IG 1 ,] eKPCl, + 2ICI 


to afford a new approach to the preparation of a 
number of complex salts 

V GtrriiANN 

Umverstiy Chemical Laboratory 
Cambridge 

(Received June 1950) 

REFERENCES 

1 Gornog, J and Karqes, R A J 4 met chm Soc 54 
(1932) 1B86 

1 Fiai kov, Ya A and Kanganskava, K Ya J Gen 
Chem , A foscow 18 (1948) 289 
1 Greenwood, N N and EutLiters H J J chem boc 
< 1950) 9«7 , r 

4 Jander, G Du (heime in wassrraehnluhen loe\un^mitwn 
Berlin, 1949 

•Sharie, A G and FmuAub, H ) J them W 
(1948) 2135 

Wool f A A and Emei fns H J 1 bid (1949) J®f »5 
Gutmann, V and FufiAus, H I tbtd (195°) lo 4 b 
•C'ady, H P and Fluey, H M J Chem hduc 5 
(1928) 1428 

7 Fiaikov, Ya A xnd ki /ulnko, \ \ J Gen Chem , 
Moscow 19 (1949) 1845 


Synthesis of Organo-siltcon Carboxylic Acids 

Sommer, Pietrus/a and Whiimore 1 have con¬ 
densed trichloroMlanr with unsaturated hydroc arbons 
using aertyl peroxide as a catalyst A similar tech¬ 
nique has been used to t fTect the synthesis of organo- 
silicon carboxylic acids the general reaction being 

R,SiH+C Hj—GH(CH OOH 

-> R.S^GH,),, 4 COOH 

(/) 

Ihus triphenyl silane has been coupled with 9- 
undccylc me and to form tnphe nyl sdyl undecyle me 
acid using benzoyl peroxide as catalyst 

Compounds of this type are of inten st as possible 
polar addiUves for silicone fluids with a view to 
improving their poor lubricating properties under 
conditions of boundary lubrication so that wider use 
may be made of their unique thermal stability and 
viscosity/trmperature characteristics Preliminary 
experiments show that, although the solubility of 
tnphcnyl siiyl undecylemc acid in silicones is low, 
even solutions of concentrations as low as 001 per 
t ent effect an appreciable improvement in the 


though here the product, potassium hexachloro- 
phosphate, was not isolated In the same way it 
was possible to prepare potassium hexachlorostannate 
in iodine monochlonde by the interaction of stannic 
chlonde and potassium chloride in a 1 2 ratio 

The investigation is being extended to include 
iodine bromide and cyanide as solvents and appears 


Table I 


I eknranl 

t eeHneei ef fnetten 

Wimm Hmd DC *00 
Pntmst/f - 50 « at #f*6 

0114,023 u 24 UB43 Ofl) 
Mean o 237 

*iU» phis 0 or per etui 
tnpkenyl ntyt unit yU me acid 

u 183, 0 17. 0 iB, 0 18, 0 1B3 
Mean 0 1B0 
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Future 1 Crystal of tnphenyl silyl unduylenic Future a Crystals of ethyl tnphenyl idyl 

acid (X 40) undecylenate (X 40) 


behaviour ol these fluids under thin film conditions 
of lubrication 1 his is illustrated in Table I giving 
< ocfficicnta ot friction for brass on brass as measured 
at room temperature on a fru tion machine construe ted 
on the lines of that designed by Chaimmih, For¬ 
rester and Puri rs J 

CXPh R1 MENTAL 

jbogm (1 mol) tnphenyl ulane 1 , 30 gm (o 16 mol) 
9-undecylenic acid and 3 1 gra (ooijmol) benzoyl 
peroxide were dissolved in J50 ml hexane The apparatus 
was swept with nitrogen and the reaction mixture re¬ 
fluxed on a water bath maintained at 7j>°C for 14 hr in a 
continuous stream ol nitrogen (Half life of bcnaoyl 
peroxide at 70°C being c 13 hr ) After recovery of hexane 
and excess tnphenyl silane the viscous residue was frac¬ 
tionated in a Hickman molecular still to yield 70 8 gm 
(96 per cent theoretical) of tnphenyl silyl undecylmic 
and / distilling at 9 <yo to 27 o°C at 7 x 10 -1 mm / xs 
soluble in a wide range of organic solvents and was re- 
crystallised from benzene to give needles {Figure /), 
m pt 58 5 to 59°C Negative reaction with iodine in 
benaene solution confirmed that condensation had taken 
place at the co-position 

rTound 4 C78 91, S16 4, Eq wt 4<*o“| 

LC ia H ac biO t requires C78 5, H8 1, Si6 3,Eq wt 444J 

I he ethyl ester of J was prepared by conventional 
estenfication and also by condensation of tnphenyl silane 
with ethyl undecylenate Purification by molecular dis¬ 
tillation (955 to j8o°C at 7 X io~* mm) and rccrystaliua- 
tion from benzene gave^ieedles {Figure a) of ethyl tnphenyl 
silyl undecylenate m pt 4£°C 


TFound 4 C 78 6, H 8 \ t Si 5 97"! 

Lc ai H 4 t SiO| requites V 78 8, II 8 17 , Si 5 93 J 

G N Gadsbn 

Applied Chemistry Branch 
Military College of Science 
Skrwenham , Wilts 

{Received May 1Q50) 
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Photoelectric Methods Jor Metal Optics 

Photoelectric and electronic techniques have 
been widely used in spectroscopy but little use has 
been made of them m polarimetnc work Thu pre¬ 
liminary note gives details of these methods used to 
study metal films and surfaces 

a Kent and Lawson’s method of detecting circu¬ 
larly polarized light 1 may be used for determination 
of principal incidence and azimuth Light reflected 
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from the metal passes through an analyser rotating 
about 45 r p s and falls on a photocell feeding a tuned 
amplifier the output being observed on a cathode ray 
oscilloscope (C R O ) 

b A double-image prism may be used with a modu¬ 
lated light source {Figure r) The orientation of the 
vibration ellipse is determined by setting the double- 
image prism mounting in the four positions of zero 
output from the bridge The axial ratio u found 
electrically by adjusting the bridge for zero output 
when the axes of the pnsm and ellipse coincide 



figure 1 Photoelectric method using modulated light source 


c A double-image pmm used with a rotating 
analyser (Figure a) enables the orientation and axial 
ratio to be determined by a single setting, since the 
bridge must be balanced for both amplitude and 
phase, and the selected modulation components are 
in antiphase only when the axes of the double-imagr 
pmm and ellipse come ide 



d Tht signals in methods b and c may be balanced 
by optical rather than electrical means by using an 
auxiliary analyser placed after the double-image 
prism, which should preferably be, in this case, of 
Wollaston rather than Rochon type 1 

In metal optics J, the relative phase change, and 
0 « tan y, the ratio at the Fresnel reflection coeffi¬ 
cients, are usually required* In methods b and c 
these quantities must be deduced from the measure¬ 
ments, but they may be obtained directly* if the axes 
of the reflected ellipse are arranged to be at 45° to 
the plane of incidence 
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Figure j Variation qf Un V unth tune for alumimum film 


Other worker? have used visual* or photographic* 
methods similar in principle, but the photoelectric 
methods described have a number of advantages 
They arc rapid, accurate, and applicable over a 
wide wavelength range without recalibration as 
optical compensators an eliminated The best 
theoretical accuracy in measurement of 1 and is 
about 1 minute of arc Our experience suggests that 
modulation at the light source is preferable since a 
rotating analyser increases both experimental diffi¬ 
culties and possible sources of error 

As an txamplr of results which ran be obtained 
with our methods the variation of tan with time 
for an alumimum film is shown in Figurr j At 
t - 0, shortly after evaporation of the film, air at 
atmospheric pressure was introduced into the vacuum 
chamber The weight of the film was found by a 
vacuum mirrebalance made in this laboratory by 
A W Crook 

Thanks are due to the Royal Society and the Carnegie 
Trust /or grants for apparatus and to the Ministry of 
Education for grants fai two of us (J F A and PL C) 

J F Archard* 

P L Clegg 
A M Tayior 

Physics Department 

University College 
Southampton 
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Commentary: Japanese Science a,nd Technology 


Tm regent emphasis on industrialization of countries in Ana and the Far 
Bast draws attention to Japan’s potential role in the introduction of technology 
to her neighbouring nations The Orient is industrially the most undeveloped 
region m the world and it is recognized that great transformations could come 
about with present available technology Although Japan has been open to 
western technology for only about eighty years, she has effectively learned to 
adapt this technology to her local problems and so could act as an intermediary 
m the industrialization of other eastern nations 

Because of her short period of contact with western technology and her isolation 
prior to and during the 1939-45 war, Japan is roughly 15 years behind England 
and the USA Exception* to this are the applied fields indigenous to Japan 
such as sericulture, agriculture and fisheries where the Japanese show outstanding 
skill, not only m practical methods but also in the application of recent scientific 
research In some subdivisions of these fields Japan may possibly lead the world 

In the fundamental sciences Japan has learned to appreciate and contribute 
to the advancement of knowledge She has made major contributions to mathe¬ 
matics, physics, biology and chemistry Throughout 1939-45 she was able to 
keep abreast of the field m theoretical nuclear physics Last year Hidexi Yukawa 
was awarded the Nobel Laureate for his contributions to the meson theory 
Because of the social structure in Japan and because of the very limited amount 
of equipment her contributions have been restricted, except in a few instances, 
to the theoretical sciences 

Curiously, this creative ability of the Japanese has seldom been applied to 
industry Industrial technology appears to have been directly imported from 
the West whereas her fundamental science is deep rooted Following the argument 
that the slave system m ancient Greece prevented an industrial revolution when 
such brilliant scientific advances as Euclid’s geometry were being made, it can 
be reasoned that the feudal system in Japan discouraged the native development 
of that technology which had to be imported The advances Japan made m 
sericulture, agriculture and fisheries were primarily made by her intelligent and 
industrious farmers and fishermen She has had numerous brilliant scholars in 
the theoretical sciences, but these talents even today are rarely apphed to 
practical problems 

Since the cessation of hostilities several noteworthy attempts to overcome the 
gap between fundamental science and industry have been made in Japan. The 
new Science Council of Japan and a governmental Scientific and Technical 
Administration Commission have been formed These will be described later. 
Private industrial laboratories such as the Scientific Research Institute have 
been organized. This Institute, formerly the non-profit organisation called the 
Institute of Physical and Chemical Research (Rflcen), received support from 
private and governmental appropriations. The new Institute is now a private 
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corporation dependent solely on profit from its 
technical developments It has some of the 
outstanding scientists in Japan on its staff headed 
by Yoshio Nishina, an internationally known 
physicist If the gap u to be filled, it will be 
done by such organizations as the new Institute 
and a really effective coordination between the 
laboratories of the larger mdustnes and their 
production plants 

England and Germany have had the greatest 
pre-war influence on Japanese science Ger¬ 
many’s influence is particularly prominent m 
medicinal fields Available evidence indicates 
that Germany made no significant scientific 
contributions to Japan during the war A good 
illustration both of England's pre-war influence 
and effects of this influence can be given by an 
account of J A Ewtno’s visit to Japan Ewing 
was a young man during his stay in Japan and 
worked with the Japanese on his early researches 
in magnetism I he Japanese rightly trace their 
success in one of the few isolated cases of applied 
sciences to the mspiration left from Ewing’s 
visit Kotaro Honda, one of the men in¬ 
fluenced, received prizes from the Royal Society 
and the Faraday Society, and has had his 
commercial methods of producing magnetic 
metals adopted in western nations 

Encouraged by the initial success in cart ymg 
out research with the limited facilities available 
m Japan and recognizing the need for trained 
Japanese personnel to build their railways, 
steamships and telegraph systems, Japan began 
negotiations to start a college of engineering 
The first intensive construction of communi¬ 
cation systems was started by foreigners after 
ratification of the first treaty with Europe 
and America Negotiations for training tech¬ 
nical men were initiated by requesting the 
Export-Import firms m Yokohama to import 
good teachers An order was communicated to 
the Jardine-Matheson Co who requested aid 
from Sir William Thomson, well known to the 
company for his success in laying the Atlantic 
cable Highly interested in the subject, Thom¬ 
son promised to send some of the best graduates 
of the University of Glasgow to Japan Among 
the early teachers were Dyer (mechanical 
engineering), Divers (chemistry), Milne (min¬ 
ing), Ayrton (electricity), Alexander (awl 


engineering), Gray (telegraphy) and Perry 
(mathematics) These men formed the nucleus 
of the first college of engineering in Japan, 
which was called the Kobu-Daigaku 

Japan has a population of 80 million people 
increasing at about one million per year in an 
area about that of California—a country that 
at present can raise only about 80 per cent of 
its food requirements She has very limited 
natural resources and at present finds foreign 
trade oppositions partly due to her actions 
during the war 

To meet this grave economic problem Japan 
has the assets of an industrious people, com¬ 
petent scientists and ability to adapt western 
technology to her indigenous needs She hopes 
to use this imported technology and her native 
scientific talent to conserve her limited re¬ 
sources by improving her manufacturing in¬ 
dustries which serve the export trade and 
through the sales of services of her technicians 
to neighboring nations interested m in¬ 
dustrialization 

The nations of the Orient are likely to follow 
Japan’s industaal history by first developing 
agriculture, fisheries, ceramics and textile in¬ 
dustries Japan with her shortage of raw 
materials is eager to exchange technical know¬ 
ledge and manufactured goods for food and raw 
matcnals fiom her neighbours She can export 
irrigation, fertilizer, transportation and com¬ 
munication equipment necessary foi indus¬ 
trialization 

SC1ENOE DURING THE OCCUPATION 

The occupation of Japan is controlled by the 
Supreme Commander of Allied Powers (SCAP) 
Part of SCAP’s function 11 to implement the 
directives of the Far East Commission regarding 
science and technology After a thorough survey 
of Japan's scientific potential, it was found that 
Japan had contributed little scientifically to¬ 
wards the war effort. Some of her scientists had 
ideas for developing such things as homing 
bombs and proximity fuses but these never got 
beyond an dementary laboratory stage 

Japan is still prohibited fiom construction of 
civilian or commercial aircraft, mass separation 
of isotopes and any research activity directed 
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towards warlike ends. The limitations on 
research were based on the Potsdam recommen¬ 
dations and the Far Eastern Commission direc¬ 
tives The Japanese were informed that research 
and teaching for the extension of scientific 
knowledge would be permitted except where 
directed towards warlike activities Economic 
limitations proved to be the real restriction on 
research Rather than emphasize restrictions, 
the occupation encouraged the scientists of 
Japan to tackle the immediate and pressing 
problems associated with food, clothing, housing, 
health and export. 

There are no limitations on theoretical re¬ 
search in any field and there are no restrictions 
on publication of research results, whether 
current or on research performed during the 
war Japanese scientific organizations were 
encouraged to resume their normal peacetime 
associations with international bodies of science 
by ensuring that at least some dollar and 
sterling funds were available for this purpose 

1 he international mails are now open for the 
exchange of scientific and technical periodicals, 
books or manuscripts Japanese technologists 
are permitted to accept invitations from foreign 
institutions but in general, because of the 
pound-dollar shortage,* expenses usually have 
to be supplied by the foreign institution The 
percentage of the national budget for science 
and technology was raised from o 3 to o 75 per 
cent with emphasis on those projects which 
could aid economic recovery 

Compared with the rest of Japan, the labora¬ 
tories survived the bombings fairly well Most 
damage was inflicted on industrial laboratories 
although a lew universities also suffered severely 
The laboratories at the Umveisity of Literature 
and Science in Hiroshima and Nagoya Imperial 
University were probably the most severely 
damaged The universities at Osaka and 
Sendai, Waseda and Kno m Tokyo sustained 
some damage to their laboratory but many 
others such as the Imperial Universities of 
Tokyo, Kyoto, Kyushu and Hokkaido suffered 
no destruction 

Hie invading troo p s damaged some scientific 
apparatus, but considering the circumstances 
the damage was not great Most publicity has 
been given to the destruction of foui; cyclotrons 


in Japan but this destruction probably worked 
in the best interests of Japanese science for it 
drew attention to the problem of the place of 
science in society and the necessity for adopting 
a reasonable attitude 

REORGANIZATION OF THE NATIONAL 
BODIES OF SCIENCE 

The fundamental policy adopted by the occu¬ 
pation in regard to the leorgamzation of the 
national scientific bodies was that any reforma¬ 
tion which was to be permanent had to be 
initiated and implemented by the Japanese 
themselves Occupation officials worked closely 
and co-equally with the Japanese scientists m 
the problems of reorganization and two groups 
fiom the United States National Academy of 
Sciences were sent to Japan to discuss problems 
associated with scientific organizations 

There were three important national scientific 
organizations in Japan in 1945—The Imperial 
Academy, The National Research Council and 
The Japan Society for Promotion of Science 
The first two were governmental organizations 
and the last was private but received moat of 
its money from the government The functions 
of the three organs were overlapping m some 
respects and the younger scientists in Japan 
considered that the old organs were not repre¬ 
sentative and not effective m overcoming the 
difficulties in Japan both dunng 1939-45 and 
after The more active scientists requested that 
they be given an opportunity of presenting plans 
for more effective and representative organiza¬ 
tions As a result of a long studv by the Japanese 
and action by the Japanese Diet, the National 
Research Council was abolished and a new 
Japan Science Council (JSC) was formed on 
20 January 1949 The Council was chosen by 
election The voteis were the qualified scien¬ 
tists of Japan who numbered in the first election 
some 40,000 The present top officers of the 
Council are Naota Kaicayama, Dean of En¬ 
gineering at Tokyo National University, Presi¬ 
dent , Yosmo Nbhika, President of the Scien¬ 
tific Research Institute Ltd, Vice-President of 
Natural Sciences, and Sakab Wagatbuma, 
Professor of Law at Tokyo National University, 
Vice-President for the Social Sciences and 
Humanities Election of officers and members 
u to be held every three years. The Counts! 
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consists of the following 7 divisions 
x Literature, Philosophy and History 
a Law and Politics 

3 Economics and Commerce 

4 Natural Sciences 

5 Engineering 

6 Agriculture 

7 Medical Sciences, including Dentistry and Phar¬ 
macy 

Each division has 30 members who represent various 
subdivisions and seven geographical districts of 
Japan 

It will be noted that the word * science' as used 
for organizational purposes m Japan includes all 
fields of higher learning The functions of the Science 
Council of Japan are given in the preamble of Law 
No xax, 19481 which follows 

4 The Science Council of Japan shall hereby be 
established, on the conviction that science provides 
the basis of a cultural country and with a view to 
fillfilling its munon of contributing by the joint will 
of the scientists throughout Japan to the peaceful 
rehabilitation of this country and promotion of the 
welfare of human society as well as to the advance¬ 
ment of science of the world, in cooperative relations 
with academic societies of foreign countries * 

The Council can be called upon by the govern¬ 
ment for advice on such matters as 

x distribution of government grants and subsidies for 
the promotion of scientific research 
a administration and budgets of governmental in¬ 
stitutions and laboratories 
3 guidance in researches, and the training of scien¬ 
tists m universities and their attached institutes 

JSC 11 now a member of the International Council 
of Scientific Unions National Committees have 
been formed for the research liaison of some twenty 
branches of science, including physics, chemistry, 
astronomy, botany and zoology, and some of these 
are members of International Unions 

On so January 1949 the Japan Imperial Academy 
became the Japan Academy of Science as an honorary 
organ of the Science Council for awarding prizes for 
outstanding research and in recognition of other 
outstanding scientific performances New members 
of the Academy are decided upon by a joint committee 
of JSC and the Academy 

In addition, in order that the government could 
coordinate its scientific and technical interests in the 


vinous Ministries and to maintain dose contact 
between governmental agencies and JSC, a govern¬ 
mental body called the Scientific and Technical 
Administration Commission (STAC) was also formed 
on 20 January 1949 There are at present ao members 
of this Commimon, half of whom repr esen t JSC, 
the remainder being Vice-Ministers of the Cabinet 
The Prime Minister is the Chairman of STAC 
Article 2 of Law No rjy, 1948 which set up STAC 
states 1 

1 The Commission shall deliberate and make 
recommendations on the following matters 1 
measures necessary for reflecting the reports or 
recommendations made by JSC to administrative 
bodies , 2 selection of matters which are to be 
re fer red to JSC for consultation by the government, 
3 method of execution of international enterprise 
concerning science and technology which should be 
earned out by the government, 4 liaison and coordi¬ 
nation of matters relative to science and technology 
which are under the jurisdiction of the government 
administrative agencies 1 

The application of scientific talent to the develop¬ 
ment of indigenous industries as well as the encourage¬ 
ment of banc research was planned by the new 
organizations However, because of economic limita¬ 
tions imposed partly by difficulties of reparations 
and decontrol of the Zaibatsu companies, private 
industry has not yet been effective in this cooperation 

As a result, approximately 80 per cent of research 
is presently supported by the government and a good 
share of this by the Ministry of Education Now that 
decisions regarding reparations and cartels have been 
made private industry is seeking aid to meet the 
highly competitive market it faces 

The explosion at Hiroshima dramatically demon¬ 
strated the status to which all branches of science 
had grown The people of the eastern nations have 
also appreciated that the sociological and economic 
implications resulting from science, the growth of 
which may not previously have been recognized by 
the layman, demanded recognition The intelligent 
peoples of the East who live in the most undeveloped 
areas of the world recognize that their countries 
must undergo the greatest transformations Although 
Japan is fhr behind the West in applied technology, 
she has learned how to apply this technology to the 
local problems of the East and could aid her neigh¬ 
bours in these transformations. A continuing study 
of the effects of this industrialization should be made 
in order that both East and West can govern their 
activities to use technology for better understanding 
and co operation 
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Physical studies in the upper atmosphere are 
attracting much attention at the present day, partly 
as an aid to meteorology and partly for more funda¬ 
mental investigation! such as cosmic radiation 
Meteorology requires not only routine measurements 
of pressure, temperature and humidity in three 
dimensions for use in forecasting, but also research 
m such subjects as radiation balance, chemical con¬ 
stitution (including determinations of water vapour 
and ozone concentrations), electric field and con¬ 
ductivity measurements, wind turbulence $tc 

Much work in all these directions can be earned 
out from aircraft, but the comparatively low ceiling 
(12 km) of all normal aircraft, corresponding to a 
pressure of 200 mb, is insufficient for many purposes 
Apart from the use of rockets, which are still in a 
very early stage of development, the only method of 
reaching greater heights is by meani of balloons 
which allow attainment of altitudes of 30 to 35 km, 
corresponding to air pressures of 5 to 10 mb 

The apparatus attached to the balloon may be of 
two types, automatic recording instruments or radio 
sondes The former require to be recovered after 
their descent, but radio sondes transmit immediately 
the results of their measurements to a ground station 
Recording instruments are quite useless for routine 
meteorological forecasting owing to the uncertainty 
and delay in obtaining the record In other fields of 
research they are often used providing that the 
probability of recovery u good, a condition which u 
not fulfilled m man tune areas such as the British 
Isles, nor in sparsely populated countries But even 
when it is safe to use them, it is found that recording 
instruments often demand heavier and more com¬ 
plicated equipment than do radio sondes, and only 
ui a few types of measurement, such as analyses of 
the chemical constitution of air or spectroscopic 
work, is the radio sonde technique unsuitable 

Any radio sonde can be considered as consisting of 
three parts / the sensitive element which responds 
to the change m the variable which it is required to 
measure, for instance air pressure or the vertical flux 
of cosmic ray mesons , s a means of expressing the 
indications of the sensitive element as an electric 
signal which modulates 3 the radio transmitter 
In general at least two physical quantities must be 
measured, of which one, air pressure, 11 treated M 
the Independent variable Where the actual geo¬ 
metric height is required, this can be computed when 
the temperature dependence on height is also known. 


A requirement common to radio sondes of all types 
is extreme lightnea The load capacity of a balloon 
depends inversely on the height which it is required 
to reach In routine meteorology altitudes of 20 km 
are desirable and m most research problems, par¬ 
ticularly those connected with cosmic radiation, the 
maximum height obtainable of 30 to 35 km is fre¬ 
quently insufficient This maximum height, at which 
the balloon bunts, is set by the rapid deterioration 
of rubber in the upper atmosphere, due probably to 
the combined influence of extreme cold, ultraviolet 
radiation and ozone A common size of balloon 
weighs 700 gm and when inflated on the ground to a 
diameter of 1 8 m can carry about 1 5 kg to ao km 
on a useful proportion of occasions 

CLASSIFICATION OF RADIO BONDS TYPES 

There is a clear-cut distinction in the design of 
instruments used for routine meteorological observa¬ 
tions from those required for research purposes, a 
distinction which arises from the numbers used 
Consumption of meteorological radio sondes in 
Great Britain and colonial possessions is at the rate 
of tens of thousands per year Cost is therefore an 
important consideration, which implies a simple 
design suitable for mass production In research 
problems the instruments will usually be made indi¬ 
vidually and by hand For this reason it is convenient 
to divide radio sondes into two broad classes, standard 
instruments for general usi and those for special 
purposes 

Instrumtnls for nmtme metioroiogical uu — These must 
measure pressure, temperature and relative humidity 
The sensitive elements are for pressure, usually an 
evacuated * aneroid ’ capsule, and for temperature, 
generally a bimetallic strip No really satisfactory 
way of measuring humidity 11 available The change 
in length of a hair or strip of gold beaters 1 skin u 
commonly used, but the change in resistance of a 
hygroscopic him on the surface of an insulator is 
employed in the American radio sonde 

The methods of translating the indications of the 
sensitive elements into electrical signals are very 
diverse, but they may be arranged in the following 
scheme which covers sill instruments m large scale use 

a vambon of radio earner frequency 
b variation of an audio modulation frequency 
c chronqmetnc coding 


d Mono coding 
AM 
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Variable comer frequent ?— In thil system, the tnuu- 
muttcr radiates a continuous wave at a frequency 
which vanes with the parameter (pressure, tempera¬ 
ture, or humidity) which it u desired to measure 
The most successful example of thu type is the Finnish 
radio sonde, designed by V Vauala 1 , shown dia¬ 
gram maticaliy in Figure 1 Each meteorological ele¬ 
ment u attached to one plate of a parallel plate air 
dielectric condenser, the capacity of which u there¬ 
fore caused to vary as a function of pressure, tempera¬ 
ture or humidity Each condenser u connected m 
turn through a switch to the resonant circuit of the 
radio frequency oscillator and controls its wavelength 
However, such an oscillator is not remarkable for its 
stability, 10 that frequency will vary also with the 
voltage of the power supply and with the temperature 
of the inductance To correct for these changes, two 
fixed ceramic condensers are also included in the 
switching cycle Their capacities are adjusted to 
approximately the upper and lower limits of those of 
the variable condensers Measurement of three 
frequencies, when the two fixed and one variable 
condenser are successively in circuit, enables the 
operator to eliminate to a first approximation the 
stray capacity and inductance of the oscillating 
circuit and to derive the capacity of the variable 
condenser which, on reference to a calibration curve, 
gives the value of the associated meteorological 
quantity 

The switch u driven by a wind vane, similar to a 
cup anemometer, which rotates in the air stream 
created by the ascent of th^balloon It turns approxi¬ 
mately twice per second, aoUtoach second there are 
ten bursts of oscillation The operator on the ground 
tunes in to each frequency as he requires and when 
in tune depresses a key which prints on a moving 
paper band a record of the frequency A special 
scale is used for subsequent measurement of the record 
and automatically makes die required reduction of 
the readings 

The VfcuAli radio sonde is remarkable for its small 
sue and extreme tightness It measures 5 cm X 9 cm 


x 10 cm, and weighs 365 gm complete witlj battery 
No other radio sonde, with the exception of a 
Japanese type of crude design, Approaches it m size 
or weight At the same time it compares favourably 
in accuracy with other types, although figures for 
the accuracy of radio sondes actually in use are hard 
to procure owing to the lack of any standard for 
comparison 

A grave disadvantage in the use of all variable 
radio frequency sondes u the large band width 
required The Viisala instrument for instance 
radiates over a band about 3 Mc/s broad centred on 
95 Mc/s The internationally agreed band for 
meteorological purposes in Europe is only o 3 Mc/s 
broad in this region While the low power of a radio 
sonde occasions little interference to other stations 
the converse 11 not true, and in districts where the 
radio traffic is heavy it is necessary to keep within 
the accepted meteorological band, which is reason¬ 
ably free from outside inter f erence 

Variable modulation frequency — In this clan the" 
transmitter operates at a fixed frequency, which is 
modulated by an audio frequency varying with the 
meteorological quantities to be measured This 
modulation tone is measured on the ground Two 
widely used radio sondes belong to thu class, the 
British Meteorological Office type and that used in 
thcUSA 

The British instrument was developed during the 
war and has been described by E G Dyuond 1 It 
u shown diagrammatirally m Figure a In the tuned 
circuit of a modulating oscillator are placed variable 
inductors These inductors have mumetal cores, in 
the magnetic circuit of which are air gaps the widths 
of which are controlled by the meteorological 
elements A movement of 3 mm causes a change m 
frequency from 700 to 1,000 c/t By careful design of 
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the oscillator, frequency is made sensibly independent 
of battery voltage The three inductors, for pressure, 
temperature and humidity, are connected in turn to 
the oscillator by a wind driven switch, as in the 
Vfcuftll radio sonde This however turns more 
slowly so that transmission of each signal takes place 
for 6 sec The weight of the instrument with batteries 
is 14kg 

The ground equipment consuls of a normal com¬ 
munications receiver, the output signal of which is 
applied to the vertical plates of a cathode ray 
oscillograph A calibrated variable oscillator of high 
precision feeds on to the horizontal plates The 
frequency of this oscillator is controlled manually to 
obtain a stationary Lisugou figure on the screen, 
which occurs when the frequencies of the incoming 
signal and of the ground oscillator are equal 

In the American instrument, developed by H 
Diamond, W S Hinman, t W Duniiore and h G 
Lapham*, the modulation frequency is controlled by 
a change m resistance The temperature clement is 
a short thin rod of an electnc semi-conductor with a 
very high negative temperature coefficient of resist¬ 
ance, and the humidity element employs the varying 
resistance of a hygroscopic film on an insulator 
Each resistor is connected in turn through a switch 
to the grid circuit of a blocking oscillator, which 
modulates the radio oscillator with a pulse frequency 
ranging from 10 to 200 c/s As blocking oscillators 
are inherently unstable in frequency, two fixed 
resistors can also be switched in to provide standards 
of reference 

The switching operation u performed by the 
prenure element itself, a large aneroid capsule which 
moves an arm over a bank of 75 contacts It will 
be seen from Figure 5 that when the pressure pointer 
is over an insulating segment the relay is not ener¬ 
gized and the temperature resistor is connected to 
the network controlling the frequency of the blocking 
oscillator Four out of every five contacts are con¬ 
nected m parallel to the relay, which when energized 
transfers the humidity resistor into the network The 
remaining contacts (called high and low reference 




contacts) add the fixed miiton to the circuit for 
standardization purposes Each switching operation 
occurs at a definite pressure, determined through the 
initial calibration The fact that pressure measure¬ 
ments can only be made discontmuouily at 75 pre¬ 
determined points is of little disadvantage, as in 
practice pressure changes smoothly and in one 
direction with time 

The ground equipment embodies automatic 
recording, in which the audio frequency signal passes 
to a frequency measuring circuit from which the 
output feeds a pen recorder 

The Bnluh and American radio sondes worked at 
times side by side during the war so that some com¬ 
parison of their performances was possible While it 
appeared that the British instrument had some ad¬ 
vantage not only m accuracy but also in reliability, 
it should be noted that both types have been in a 
state of continual modification in detail, so that no 
up to date comparison is possible ( 

Chronometnc coding —Thu principle was first put 
forward by H Olland in the last century, as a 
means of transmitting instrumental readings over a 
telegraph line It admits of many variations in arrange¬ 
ment, and the one employed in the Ca n a d ian radio 
sonde will be described A disk A (Figure 4) u main¬ 
tained m uniform slow rotation by an electnc motor 
It carries on its surface a raised scroll ft, m the form 
of an equiangular spiral A movable arm C, attached 
for example to a pressure element, makes contact at 
its free end with the spiral once during every rotation 
of the disk Another fixed arm £ also makes contact 
with the duk at 0 once per revolution It u evident 
that if the disk u turning steadily the time between 
the reference contact D-£ and varying contact ft-C 
will change as C moves to engage different portions 
of the spiral, and it will therefore be a function of the 
pressure to be measured The contacts are in the 
high tension circuit of the transmitting valve which 
therefore sends out pain of pubes, the spacing of 
which m time gives the required information at the 
ground Further contact arms coupled to arcaded 
bimetallic cylinder and to a strip of gold beaten 1 skin 
provide two additional pulses giving temperature and 
humidity The disk rotates at 4 r p m and is driven 
by a simple motor fitted with speed control 
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On the ground the radio signal w pawed after 
detection to a recorder A broad band of paper u 
fed forwards at a constant slow rate under a pen 
which marks it with a dot whenever a signal comes 
through The pen is traversed across the paper 
mechanically, in a direction perpendicular to its 
direction of travel, at such a rate that one traverse 
corresponds to one rotation of the radio sonde 
scanning disk The pulses due to the fixed reference 
contact will therefore make on the paper a line of 
dots, parallel to the direction of motion of the paper 
T^e pressure, temperature and humidity pulses 
make oblique lines, showing the variation of these 
quantities with time The speed of tr a v el sc can be 
controlled manually to keep the reference line in its 
proper position 

The accuracy of this form of radio sonde depends 
primarily on speed constancy of the driving motor 
Slow changes are not important as they can be 
allowed for in the manual control of the recorder, 
but changes within one period of rotation of the 
scanning disk cannot be compensated Speed con¬ 
stancy can best be attained by driving the disk by 
clockwork, as was done in the Lang radio sonde 
used by the German civilian weather service before 
1939 With this arrangement, however, the disk 
moves in jerks, and the 4 resolving power * 11 limited 
by the duration of one tick of the clock Clockwork 
with its discontinuous motion does not provide an 
ideal form of motive power 

Another line of approach to improve the potential 
accuracy of the chronoroetnc radio sonde is that 
adopted in the pre-war French instrument due to 
M Bureau In this the scanning mechanism is 
driven by a governor controlled spring motor, but 
the working 11 made independent of the speed by 
radiating along with the usual signal a ienes of 
pulses derived from a contactor driven from the 
geanng These pulses are suppressed during the 
period of contact of one of the arms C (Figure 4) or of 
the fixed contact with the rotating member so that 
the angular motion of the scanning disk can be 
measured as a function nofcof time but of the number 
of pulses between contacts The fact that the Bureau 
radio sonde was of rather poor precision was due 
not to the principle of operation but to faults m 
mechanical design It was liowcver one of the first 
successful instruments, and in its day did much 
useful work A simpler modified form has been 
developed and is now m use in India 

While the Bureau system is theoretically capable 
of high precision, it is found to make great demands 
on instrument making technique The Canadian 
radio sonde, with its extreme simplicity and accuracy 
of about 1 per cent, still remains the only chrono- 
vtetnc radio sonde in large scale use It seems that 



bight 

be attained except in 
individually construct¬ 
ed apparatus adapted 
for limited research 
use but not for routine 
investigations 

fidorse coding — In 
radio sondes of this 
category no attempt is 
made to transmit a 
continuous function oi 4 
pressure, temperature 
or humidity, but the Figures Morse eodngumi, for 
range of variation i* 7 l**ri art thorn, 

iplit into short sections ** crniyttFuMi jphtktt 
of say 3 mb each and 

a Morse character is allotted to each section In 
order to handle the total range of some 1,000 mb, the 
alphabet must be repeated at appropriate intervals 
One of the earliest radio sondes, due to G 
Moltchanoff, utilizes this principle and was in 
regular use m'Russia up to and during the war The 
system was also used extensively in Germany, partly 
for balloon borne radio sondes but more generally 
for automatic weather stations installed by submarine 
on floating buoys in the ocean or on isolated un¬ 
inhabited islands 


The German mechanism for deriving the Morse 
characters is shown in Figure 5 An insulated con¬ 
tactor segment is rotated by electric motor at about 
a r p m and carries in channels on its surface a senes 
of metal segments corresponding to Morse characters 
A star shaped wheel, rotated by the meteorological 
element makes contact with these segments during 
their rotation, completing the high tension circuit of 
the radio transmitter Three such star wheels, one 
for each meteorological variable, can be dispos ed 
round the axis of the contactor sector 10 that in each 
revolution three letters are transmitted corresponding 
to pressure, temperature and humidity The accuracy 
is necessarily limited to the finite range corresponding 
to movement of the star from one channel to the next, 
but good mechanical design makes the arrangement 
very reliable 

In all other types of radio sonde an integral part 
of the apparatus is the receiving mediannro, which 
can contribute its own errors, but here no special 
receiving gear is required as any W/T operator can 
take down the signals by ear, a matter of great con¬ 
venience especially in war time Ideally this system 
11 unsatisfactory because it should be a cardinal 
principle in the design of all balloon borne instru¬ 
ments that d any complicated mechanism or circuitry 
a required, it should be placed on die ground where 
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it can be inspected and adequately maintained 
rather than in the air borne unit where any failure 
is impossible to correct and generally difficult to 
diagnose 

TRANSMITTER AND BATTERIES 

features common to all radio sondes are the trans¬ 
mitter proper and the batteries As a typical example 
of radio oscillator the Bn tub instrument may be 
mentioned , it uses a normal battery tnode in a 
Hartley circuit oscillating at 27 5 Mc/s A radio 
frequency output of about 40 mw is led to a half¬ 
wave end fed aerutl which also acts as support for 
the instrument This power u sufficient for efficient 
reception at a range of 160 km when the transmitter 
is at an altitude of 20 km, and it appears that the 
lumt in range is in fact set by the distance of the 
optical horizon Radio sondes have been heard at 
distances of over 300 km Higher frequencies are 
necessary on the American continent at the 27 5 to 
28 a Mc/s band is not available, and at present 
400 Mc/s is employed 

The battery is a most important component as it 
contributes the largest single item of weight Dry 
batteries are still used in some instruments They 
have been extensively developed in recent yean but, 
in spite of their great convenience, they remain 
relatively heavy and their shelf life before use is 
limited, a factor of importance when radio SQndes 
are used in out of the way locations as in tropical or 
polar regions V Vahala modified the conventional 
lead-acid battery by replacing the negative with a 
zinc plate which not only reduced weight but in¬ 
creased the E M F per cell from 2 o to 2 4 v The 
battery 11 only required to operate for from one to 
two hours, and this very heavy discharge rate allows 
the plate thickness to be reduced to the minimum for 
mechanical strength The latest British battenes, 
developed from those of Vinilh, consist of high 
tension units with positive plates measuring 24 mm 
X 10 mm X 1 a mm, assembled in moulded cases in 
blocks of 08 cells They will deliver 30 ma for 
1 3 hours or 10 ma for 3 to 6 hours At the latter 
rating they weight 45 gm per watt-hour capacity 
when filled with acid Low tension cells are even 
more efficient, weighing 97 gm per watt-hour As 
these battenes are stored in a dry state their shelf 
life 11 long No perceptible deterioration is detectable 
after 1a months of storage They are made active 
by adding sulphuric acid, and are ready for use 
about an hour after filling 

INSTRUMENTS FOB RESEARCH 

No general clasnflcafton of radio sondes u ponble 
under this beading, as each problem dohands its 

own design However, a few types wijl be dac ussc d 

*■ 


Cosmic roduittm —This subject has occasioned the 
greatest activity In general, measurements may be 
made either with an ionization chamber or with 
Geiger-MiLller counters Ionization chambers do not 
lend themselves readily to radio sonde techniques 
but mention should be made of an apparatus des¬ 
cribed by R L Doan 4 and C D Keen* In this 
the ionization current was measured by the rate of 
charging of an electrometer A beam of light re¬ 
flected from the electrometer mirror fells at full scale 
deflection on a photocell, the output of which u used 
to earth the moving system and to send out a radio 
signal The interval between signals is therefore an 
inverse measure of the current Die apparatus is, 
however, elaborate and heavy (19 kg) and does not 
appear to have met with much succea 
Goger-Muller counters on the other hand are 
admirably suited for this type of work as the pulses 
from them can be readily applied to modulate the 
transmitter Combination of counters in coincidence 
or anticoincidence presents no difficulties and scaling 
circuits can also be incorporated, although the 
principle of keeping the air borne equipment as 
simple as possible suggests that it is better to have 
the scaling circuits on the ground <* 

The high tension supply of 1 o tq 1 5 kv for the 
counters presents one of the principle difficulties In 
early work battenes were used, adding much weight 
to the load By mechanical switching, a bank of 
condensers may be charged m parallel from the 
transmitter high tension supply, and discharged in 
series through the counters A more reliable and 
simpler method u to generate the voltage electroni¬ 
cally* Whatever the method used the greatest care n 
necessary to prevent corona discharge, as at the 
greatest heights the breakdown voltage of air will be 
little above that required to operate the counters 
Temperature control of the apparatus is frequently 
desirable especially if self-quenching counters filled 
with alcohol are used, as these begin to behave 
anomalously when cooled below 5°C The method 
tint introduced by E Rxczner is generally used 
The whole apparatus is enclosed in a ‘ gondola 
usually a light aluminium framework and covered 
with a double envelope of cellophane Thu gondola 
constitutes an efficient greenhouse, in which the 
apparatus within absorbs solar radiation, the energy 
of which u trapped by the cellophane Temperature 
control can be achieved empirically by balancing 
absorbing against reflecting surfaces It should be 
noted that the danger with this type of control is 
from excessive heating rather than moling of the 
apparatus In the author's experience temperatures 
of + jo*C or more may be obtained when the 
external #ir temperature u *- 65*0. With correct 
proportioning, however, it u possible to maintain the 
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internal temperature within a range of toG° during 
the flight The control of course Dull at night, when 
apparatus sensitive to low temperatures cannot be 
used 

The weight of cosmic radiation and other research 
apparatus u generally far greater than that of 
meteorological radio sondes By using a number of 
large balloons arranged on a long string, weights up 
to 6 kg can be lifted to 30 km on a useful number of 
occasions Equipments weighing up to 30 kg have 
been designed but great heights have not been 
obtained with them, nor are they likely to be 
achieved with existing balloon technique 

OTHER APPLICATIONS OP RADIO SONDE 
TECHNIQUES 

The ultraviolet intensity of the sun has been measured 
as a function of height 7 , using a cadmium photocell 
placed in the gnd circuit of a blocking oscillator 
The current through the cell controls the gnd 
potential of the valve and hence the pulse repetition 
frequency The blocking oscillator forms part of the 
normal Diaraond-Hinman radio sonde, with pressure 
element but without temperature or humidity 
resiiton A senes* of filters could be rotated before 
the photocell by an electric motor, so that the in¬ 
tensities of several narrow bands of the solar spectrum 
could be investigated By this means W W Coblentz 
and R Stair* determined the distribution of ozone 
in the atmosphere, because absorption by ozone is 
responsible for the limit in the spectrum m the 
neighbourhood of 3,000 A 


Another adaptation of the Diamond-Hinman radio 
sonde is due to K Krulshumkr and R. Bklxn”, who 
measured the vertical electric potential gradient in 
the atmosphere A vertical wire oo m long xs found 
to develop a corona discharge at the ends when the 
field exceeds 3 v/cm, the intensity of the discharge 
increasing with the field above that limit At the 
midpoint of the wire is a resistor, in the gnd circuit 
of the radio sonde blocking oscillator The potential 
developed across the resistor fay the discharge* there¬ 
fore controls the pulsing frequency 

In all radio sondes for research it is ne ce s sar y to 
transmit the air pressure Thu can be done by in¬ 
corporating a unit from one of the standard meteoro¬ 
logical instruments Most workers have used the 
variable modulation frequency or chronometnc 
types choice of design is a matter of convenience, 
depending on the particular problem and method of 
transmitting the data 
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The mam function of the present article is to draw 
the attention of industrial chemists and physicists 
to a selection of the psychological literature available 
on psychophysical relationships and measurements 
Such problems are being forced, with increasing 
insistence, upon the attention of workers outside the 
psychological field If some of the artificial harriers 
between different departments of human knowledge 
can be made easier to cron, it will be of advantage 
to workers on both sides 

Psychophysical problems are encountered wherever 
physical processes have to be considered in relation 
to their effects on human beings Fundamentally, 


there appear to be three separate functions to be 
served by such studies These are 

/ Measurement, in physical terms, of the charac¬ 
teristics of human discrimination and its variation, 
in a variety of fields Included in this will be 
estimates of sensitivity and any unexpected bias in 
the human judgement, as compared with the physical 
standard Extensive work has been earned out on 
colour and brightness discrimination, discrimination 
of intensity and pitch of sound, discrimination of 
premire and lifted weights Withm the last 10 yean 
investigations have also been made of the dis¬ 
crimination of thq elasticity of vulcanised rubber 
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and the viscosity of stiff liquids as aasaed by 
handling 1,1 $g compression between finger and 
thumb Studies of complex materials and the 
companion of qualitatively different materials ($ g 
bitumen versus rubber) have been included 4 *• 

a Although most measurements of human dis¬ 
crimination are made in laboratory situations or by 
means of specially designed tests, discrimination of 
a similar type is required to fulfil some specific 
flinction in everyday life Thus colour discrimination 
is involved in many industries, such as dyestuffs and 
paint, or m the electrical industries for colour codes 
Firmness discrimination or the discrimination of 
rheological (flow and deformation) properties is 
involved m baking and in cheese manufacture 
grading In each mitanCb physical or instrumental 
measurements may be made where the human 
judgement is at present used and it u important to 
determine the relative value of the unaided human 
discrimination, as compared with the objective 
measurements, in fulfilling the specific requirements 
of the control processes or the assessment of the 
final product 

5 Finally, the expression of any formal relation¬ 
ships between physical concepts and measurements 
and psychological concepts and measurements is a 
fundamental problem for psychophysical study The 
* illusions 1 probably fall into this category , the term 
illusion may have arisen as a result of the assumption 
that there should be a one to one correspondence 
between an experience or perception (psychological 
system of classification) and the description of the 
field of stimuli (physical system of classification) 
Fundamentally, the perception or the experience u 
the material from which, by the processes of 
abstraction and theorizing, underlying physical 
principles and concepts have been inferred 

CLASSICAL PSYCHOPHYSICAL METHODS 

The greater part of the psychophysical investigations 
earned out so far have been concerned with the first 
of the three problems outlined above"* 1 Sensitivity 
is generally measured in terms of a ‘ threshold * 
which represents the transition point between the 
stimulus (or stimulus difference) which is too small 
to deject and one sufficiently strong Although it is 
generally aaumed to be a dearly defined barrier 
which must be surpassed be fo re a stimulus does 
diot any resp onse , the threshold will represent a 
stimulus (or stimulus difference) which ekati a 
4 correct f response an a specified proportion of the 
occasions of presentation The threshold is th e r efo r e 
a statistical unit rather than a functional unit If 
there is a functional unit it might bq that corre¬ 
sponding lo a single quantum of energy or small 


number of quanta. This point has been ducuped 
recently, at some length, by M H Pnuunm* 

The threshold (or its equivalent) may, then, refer 
either to the minimum stimulus or stimulus 
difference, which can be detected (subject to the 
above restrictions) The first is normally designated 
the stimulus or absolute threshold, the second is 
usually termed the difference threshold The 
stimulus or absolute threshold is complicated by the 
fact that there is no state corresponding to zero 
stimulation of the human organism In vision, even 
with no external stimulus, there is a certain amount 
of spontaneous retinal activity and in the auditory 
sphere some spontaneous activity will remain even 
when extraneous stimulation is removed These 
remarks apply to composite sense organs m rite 
rather than to isolated single receptor units in single 
fibre preparations 

Ther precise estimates of the sensitivity of human 
discrimination are to some extent dependent on the 
particular experimental techniques used and on the 
formal processes of calculation There are three 
principal psychophysical methods Which is used 
on any particular occasion depends partly upon the 
limitations imposed by the form of the material 
constituting the stimuli 1 bese methods* are 

1 the adjust m ent method, or method of average error 

2 methods of serial exploration 

3 frequency methods, some of which may be included 

under section a 

In the first method a constant stimulus is presented 
and the observer adjusts a variable one until he has 
obtained apparent equality Enough trials are made 
to determine the average setting and its standard 
deviation The former gives the observer’s bias or 

4 constant error 4 , the latter indicates the uncertainty 
of the settings and is sometimes claimed to give an 
adequate measure of sensitivity 

Included m the constant errors are the relative 
effects of successive presentation (sounds) or relative 
position (visual stimuli), and whether adjustments 
are being made by increasing or decreasing the 
matching stimulus 

In the 1 method of luqits * or 1 just noticeable 
di fferences * the stimulus is increased by small steps 
until the observer reports its detection , or, if the 
difference threshold is being measured, reports that 
the variable stimulus is greater or lew than the 
standard Both ascending and defending senes are 
used A judgement of three categories is frequently 
employed when the difference threshold a being 
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aisewed, so that a transition point from * lem to 
equals 9 and from 1 equals to greater 9 may be 
assessed Precautions have to be taken to allow 
for the effects of suggestion for the observer may 
anticipate the actual transition point if he has 
decided that the stimuli are progr e s si vely increasing 
or decreasing R W Pigxford 11 describes the 
method of limits as * the only psychophysical method 
sufficiently adaptable for rapid and efficient tests 
on a large number of untrained subjects ' 

One of the ' frequency methods 9 is the ‘ method 
of constant stimuliand in this the comparison 
stimuli are presented in random order Where 
only two categories of response arc permitted 
(greater or leu) the relative frequency of judgements 
of a specified type is calculated The median 
stimulus value (1 t corresponding to fifty per cent 
judgements greater) indicates whether any unusual 
bias of judgement is present The standard deviation 
of the distribution of stimuli with the observed 
frequencies gives a measure of the sensitivity of 
discrimination The constant method with three 
categories of judgement (greater, equals or doubtful, 
and leu) enables two transition points to be 
determined, corresponding to the change of judgement 
from * greater to equals * and from ‘ equals to leu' 
These points will be the median stimuli obtained 
from die frequency distribution of judgements greater 
and judgements leu, respectively R S Wood- 
worn h 11 has remarked that the difference threshold 
of the method of ' just noticeable differences' is a 
direct measure of sensitivity since the observer is 
looking for a transition point and is aware of it when 
it occurs The difference threshold of the method 
of 1 constant stimuli ’ emerges only at the computer’s 
desk 

Probably the most satisfactory statistical method 
for dealing with data m the form of a two category 
response is ‘probit analysis', outlined by D J 
Finney 13 This technique is a refinement, 
developed independently, of the treatment elaborated 
by G £ MOliih” and F M Urban 14 from G T 
FtCHNBR*s lft earlier work 

SOME FACTORS INFLUENCING MEASURES OF 
SENSORY DISCRIMINATION 

Under this heading are included the effects of the 
particular method of obtaining the estimate of the 
sensitivity of sensory discrimination Practice, fatigue, 
boredom, habituation or familiarity with the ex¬ 
perimental setting all play a part /n determining the 
apparent level of discrimination Incentives are 
frequently ignored, but there is evidence to suggest 
that they are very important (Knowledge of results 
may itself be an adequate incentive) The attitude 
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of the observer, his confidence and temperamental 
characteristics are reflected in his performance 

Some people show a marked variation in dis¬ 
crimination on different days Short period changes 
in sensitivity are more difficult to detect, but there u 
evidence to suggest that such variations exist These 
would be obscured if the observer were allowed as 
much time as he pleased to make a judgement The 
continuous recording technique recently developed 
by R C Oldfield 11 has indicated that as much as a 
tenfold vaiiation may occur in the visual threshold 
in a matter of a few minutes This technique may 
ultimately be of value in assessing personal char¬ 
acteristics, for it is tjflieved that a person whose 
judgement oscillates widely m one activity will do so 
in another 17 

The interaction of qualitatively different stimuli 
is often overlooked, although it u a common occur¬ 
rence in everyday life in which our knowledge of the 
external world is dependent upon the complex 
spatial and temporal pattern of a variety of stimuli, 

1 1 temperature, touch, taste, colour, brightness, 
sound A number of laboratory studies have been 
made on the interaction of one sensory modality 
upon another 11 * 11 and^K Kekcheyev” has recently 
claimed that the idea of a second stimulus may 
produce a similar effect to that due to one actually 
present Where the stimuli are relatively pure 
(1 # involve quantitative variation in respect of only 
one quality or dimension) a more serious source of 
disturbance to simple relationships 11 that judgements 
are made with reference to the previous sequence of 
stimuli rather than with reference to a single com¬ 
parison standard 11 

For certain forms of investigation some subjects 
may have to be discarded owing to extreme vari¬ 
ability The attitude of the subject, particularly 
whether he is judging analytically or spontaneously, 
without conscious analysis, may be of considerable 
importance Investigations have shown that attitu- 
dinal factors can be to some extent controlled by 
suitable instructions a> This, in turn, stresses the 
need for using written and standardised instructions 
If oral instructions are used they may be only 
partially assimilated and, more seriously, may vary 
unwittingly freon one experiment to another With 
naive untrained subjects it is desirable to give lEhem 
a few preliminary trials or to consider the first 
judgements as a practice period, Them data may be 
discarded from the main analysis unless the learning 
pro cc a e s are of special interest 

Where stimuli are presented successively for com¬ 
parison, the 4 time errora of considerable import¬ 
ance As a rule, the second of two eqqal weights fed* 
heavier than the first, or gives a huger number of 
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* greater ’judgements. Evidence has been put forward 
to suggest that this type of systematic bias is 
dependent upon the magnitude of a particular 
stimulus and upon the training of the observer 14 
Similarly, the second of two equally intense sounds, 
separated by a short interval of time, appears to be 
louder than the first Examples could be multiplied, 
although the direction of the time error may be 
different for different subjects and will alter as the 
interval between the first and second stimulus is 
changed 

AH threshold measurements are concerned with the 
detection of small differences In fact, only those 
differences for which there is some uncertainty arc 
really of value for the assessment of the sensitivity of 
discrimination For this reason suggestion may play 
an important part in the response of a subject It is 
unfortunate that in many of the psychophysical 
studies earned out the experimenters themselves, or 
persons familiar with the field of investigation, so 
frequently have to act as subjects (or observers) 
as it u normally imposible to obtain the continuous 
services, and continuous interest, of uninformed 
persons 


and the law breaks down both at extremely low and 
extremely high stimulus values In spite of this, the 
Weber ratio gives a useful indication of the relative 
sensitivity of various forms of human discrimination 
The following approximate values may be of interest 
and include estimates for the discrimination of the 
firmness of deformable materials which have not 
been expressed in this form before (TatU I) 

G T Fxchner 14 erected on the bans of Weber's 
law a senes of elaborate mathematical deductions 
which are not considered by most psychologists to be 
valid In spite of this, Fechner's speculations are 
sometimes put forward as representing the accepted 
psychological viewpoint Bnefly, Fechner equated 
the 'just noticeable difference’ with what he con¬ 
sidered to be the * unit of sensation' and then 
proceeded to integrate, replacing the finite difference* 
by differentials Dius, if 

s -*f 

by integration 

s - s --*"•(£) 


webbr’i law and feohnxr's 
SPECULATIONS 

Weber’s law 14 is an expression of experimental 
observation If R and R 4 AR arc two stimuli 
which are observed to be just noticeably different in 
the statistical sense indicated above then AR/R is 
approximately constant However, the value of 
AR/R is not completely independent of the stimulus 
value (since AR/R will also be dependent to some 
extent on the sealing chosen for the physical stimulus) 
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If it is assumed further that S 9 =a o when R* 11 equal 
to the threshold then complications arise owing to 
the necessity of postulating negative sensations for 
stimuli below the threshold, unless the law is assumed 
to be valid only above the threshold There are two 
essential fallacies involved, the more important being 
the assumption that a sensation is to be regarded as 
built up from a senes of small differences (t # that 
sensation increments are alike in quality and can be 
added) , aqd secondly that the finite differences 
may be regarded as infinitesimals (Wright™ has 
indicated that this difficulty is by no means insuper¬ 
able) However, regarding the elaboration as 
enabling the number of ’just noticeable differences * 
between two stimuli to be assernd and avoiding the 
morass of verbal differences that trouble the dis¬ 
cussion of the question as to whether sensations are 
measurable 14 , Fechner’s treatnlent has proved a useful 
basis for the quantitative treatment of the subjective 
intensity of different sounds* 9 - M 

1 

CONSTANCY PHENOMENA 

Only a passing reference can be made to the whole 
field covered by 'constancy phenomena’ is the 
extent to which the perception of colours, shapes and 
sues approximates more cloKly to their 1 normal 
appearance’ than would be expected from the 
characteristics c f the physical stimuli. R H 
Thoulxss 11 has developed a numerical expression for 
these effects, which vary from one individual to 
another and with their attitudes and training The 
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constancy phenomena are dependent upon the 
additional clues such as orientation or illumination 
conditions, which are obtained in addition to the 
main stimuli It is only when illuminated surfaces 
are degraded by artificial means into points or areas 
of light that a simple physical specification of such 
■umiih is reasonably adequate 11 

1 SOME WIDER IMPLICATIONS 

The methods discussed are equally applicable to the 
study of the human response tp stimuli and pattrrns 
of stimuli which may be described m chemical terms 
Thus many investigations have been reported in¬ 
volving the assessment of taste and odour thresholds 
However, the methods of study outlined seem to give 
results which have extremely restricted application 
This may, of counr, be an inherent limitation of the 
experimental method in psychology where, even 
more than in quantum physics, the processes of 
observation alter to some extent what u being 
measured This situation is not confined to psycho¬ 
logical experiments nor to quanturh theory It is a 
source of difficulty and active controversy where the 
mechanical or rheological properties of complex 
materials are concerned These difficulties and un¬ 
certainties are of central importance to the recent 
attempts to study the relationship between the 
measurable properties of complex materials on 
which judgements may be made by handling The 
present wntpr has, in collaboration with others 11 - 11 , 
recently reported investigations into these problems 
using the technique of Multiple Factor Analysis 
originally developed by mathematical psychologists 
for the analysis of the structure of and relationships 
between a variety of mental tests 

Where the relative effects of two stimuli of which 
the difference is considerably id excess of threshold 
have to be compared, it 11 not legitimate to extra¬ 
polate from the threshold determinations It is 
necessary rather to design techniques actually using 
stimuli of the order of magnitude under consideration 
and to make, as far as possible, a direct comparison 
under conditions closely resembling those to which 
the data may, m practice, be applied A recent 
study of the retytpe sweetness of sugars contains 
valuable information on this type of problem 11 

One of the ideal functions of tests of sensory dis¬ 
crimination would be to assist in the selection of the 
best workers for particular occupations Psycho¬ 
logical studies have shown that sensory tests are of 
extremely restricted value for prediction purposes 
and that general intelligence and assessments of 
personal qualities are more useful 

The following comment u of interest on the use of 
the threshold technique for the selection of a M taste 


panel' * The underlying praumpdon here, of 

course, is that once a panel of the desired acuity has 
been chosen, unanticipated differences could then 
be reliably detected by such a panel It seems to us, 
however, that herein lies one of the mqjor difficulties 
which may suppren any undue enthusiasm for the 
immediate adoption of such procedures, since it has 
been found in this and other investigations that 
acuity in respect of one taste characteristic does not 
necessarily presuppose acuity in others At 

least thu u the direction in which present available 
facts point*" Similar comments might be made 
regarding physically defined stimuli in an integrated 
skill 

It has been shown that two stimuli must differ by 
a larger amount if the observer u to indicate the 
direction of the difference as compared with that 
required for the mtre detection of difference Pro¬ 
bably, if a selective response u required then even 
greater differences will be called for In any in¬ 
tegrated skill, such as piloting an aircraft, F C 
Bartlett" has indicated that two thresholds are 
involved, one indicating what the observer can do, 
the other w hat he is prepared to do These may vary 
independently During a period of continuous work, 
the latter shows a progressive decline which can be 
arrested by the volition of the observer if he u aware 
of the lowered standard or even by an inrrrase in the 
difficulty of the task In the organization of a 
complex skill a temporal pattern of responses is 
involved as well as the mere discrimination of 
differences The whole process u frequently inter¬ 
active and has been compared with the operation of 
a servo mechanism 1 * A stimulus sets up a response 
and a response a new set of stimuli The skill is liable 
to break down when the intricate timing of the 
succession of stimuli and responses becomes seriously 
out of phase, as it were , although within broad 
limits, variation of timing may be permissible In 
studying the nature and organization of a complex 
skill Bartlett has suggested that the key features and 
the overall time required to carry out a unitary 
sequence of actions are of greater value than measure¬ 
ments of thresholds or simple reaction times What 
these key features are in different instances has to 
be decided by informed analysis and judgement of 
each problem on its own merits 

The work of the Cambridge Psychological Labora¬ 
tories stresses the limited practical value of the 
determination of sensory thresholds in isolation 
from the skills into which they are integrated The 
concept of the * indifference range * h&s been intro¬ 
duced 4 effective stimuli acquire an in di ffe re nce 
range within which stimuli change, although they 
may be appreciated, they do not call fop compensating 
activity 110 The indifference range may represent 
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the threshold in its most directly functional terns 
Corresponding to this aspect of the threshold is the 
idem of measuring it within the setting of a skilled 
performance The technique now being developed 
by Oldfield and outlined earlier seems to have 
potentialities as an experimental method of studying 
this problem 

The writer wishes to thank Miss M D Vernon and 
R C Oldfield for helpful comments He also wishes to 
acknowledge a grant from the Agricultural Research Council 
during the period m which this review was prepared 
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Chemoreceptors and Regulation of Respiration 

C HEYMANS, Nobel Laureate, M D 
Department of Ph&rznacology, University of Ghent, Belgium 


The problem of the regulation of respiration is still, 
we believe, fundamental for the physiological process 
of pulmonary ventilation It is well known that the 
respiratory mo vem ents are initiated and coordinated 
by a group of nerve centres the respiratory centre 
Tile activities of the respiratory centre are regulated 
and adapted to the needs of the organism by means 
of di ff e r e n t mechanisms In earlier dayi it was 
customary to distinguish between a reflex nervous 
and a central chemical regulation of respiration, but 
recent discoveries have shown cleariy that this division 
is no longer exact since a number of chemical 
regulatory processes also take place through reflex 
ncrvooixaechaiiMms. It ts th er e for e better to differen¬ 
tiate betw e e n mech a idxns regulating rfepuabon on 
the basis of fhetors which an ttaponxflg for them 


rather than on the channels through which they are 
operative 1 It u therefore necessary to distinguish 
between mechanical factors (respiratory movements) 
and chemical factors (composition of the blood and 
local metabolism of nervous tissues) concerned with 
regulation of respiration In this review only the 
chemical factors will be surveyed 

early researches 

As early as 1868 E F W PplOoer" showed that an 
increase of carbon dioxide and a decrease of the oxy¬ 
gen contqot m the inhaled air induce an increase of 
pulmonary ventilation, a stimulation of breathing 
In 188a J Rosenthal* came to the conclunon that 
it is solely, or almost solely, by virtue of its varying 
ox y gen content that the blood does or does not 
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stimulate the respiratory centre In 1885 F 
Mbscher-ROsoh 4 stated that under normal con¬ 
ditions of rest the chemical control of respiration is 
related mainly to the carbon dioxide percentage in 
the air of the lungs and m a lesser degree to the 
oxygen percentage 

Experiments by L Fbusuo^ 1 showed m crossed 
circulation experiments that changes in activity of 
the respiratory centre are induced by variations of 
the carbon dioxide concentrations m the arterial 
blood supplying the perfused head 

The researches of J S Haldane and his co¬ 
workers demonstrated more directly that an in¬ 
crease of the alveolar pulmonary carbon dioxide of 
about 001 per cent 11 sufficient to increase the 
resting pulmonary ventilation (hyperpnoea), whereas 
a diminution of o 9 per cent in the alveolar carbon 
dioxide may cause arresting of breathing (apnoca) 
On the other hand, respiration was found to remain 
practically unchanged until the alveolar pulmonary 
oxygen percentage was reduced from the normal 14 
to 6 per cent At this concentration of oxygen in 
the lungs respiration increased markedly These ex¬ 
perimental observations led to the conclusion that 
under normal conditions carbon dioxide acts speci¬ 
fically on the respiratory centre , increase of carbon 
dioxide m the alveolar air and in the arterial blood 
Stimulates the respiratory centre, while decrease of 
carbon dioxide inhibits it The increased breathing 
during oxygen deficiency was also ascribed to a 
direct stimulation of the respiratory centre 

Experiments showed in addition that increase of 
aciditv of the arterial blood stimulates respiration, 
while increase of alkalinity inhibits it 1 * 10 

EXACTION THEORIXI 

In 1911 H Winterstein 11 advanced ha * reaction 
theory’ according to which the activity of the 
respiratory centre is regulated in all physiological 
conditions^ including oxygen deficiency, by the 
hydrogen ion concentration in the arterial blood 
Later experiments showed however that during acute 
hypoxaemia thMUfeenal blood shifts not to the acid 
but to the alahiRe side 11 

A number of research workers'* u “ u demonstrated 
that the adjustment of pulmonary ventilation by 
carbon dioxide 11 not always related to the arterial 
hydrogen ion concentration and that hyperventilation 
induced by oxygen deficiency does not always 
involve arterial aadosa 

H WnnwTSiN 1 * then advanced hu s eooud 
’reaction theory' which stated that the chemical 
regulation of the respiratory centre is dependent on 
the hydrogen ion concentration within the centre 
v ibdf and not on die hydrogen ion concentration of 


the arterial blood In 1993, working on similar lines, 
R Gran,* advanced his 1 intracellular acidity 
theory 1 which stated that 4 the activity of the 
respiratory .centre is fundamentally a function of its 
own acidity, as opposed to the acidity of die arterial 
blood, the concentration of carbon dioxide and the 
direct stimulating effect of lack of oxygen 1 
According to M Nielsen 11 , however, carbon 
dioxide is the chemical regulator pf the rapmtory 
centre by its specific stimulating effect and not by 
its acid-forming properties Oxygen deficiency 
hyperventilation is miunly due to changes in the 
excitability of the respiratory centre caused by the 
specific carbon dioxide Thu theory has been 
adopted by several physiologists In fhet, H 
Winterstein 1 and R Gesell 11 stated that the 
experimental observations of M Nielsen are, how¬ 
ever, in no way opposed to the 1 reaction theory 
but on the contrary stand in complete agreement 
with it. These authors thus reject the 4 carbon 
dioxide regulation theory' 


GH a MO RE FLEX UEGHANISIC 


In the years 1994 to 1935 J F Heymanb, C Heymans 
and co-workeri 1 *- 14 di scove red the 4 peripheral chemo- 
refiex mechanism ’ of regulation of the activity of 
the respiratory centre These researches stowed the 
existence of peripheral chemoreceptors located in the 
aortic and carotid sinus bodies, glomus aortteum and 
glomus caroUcum These Siemoreceptors are connected 



with the respiratory 
centre by means of 
nerve fibres running 
in the aortic and 
carotid sinus nerves, 
Fxgun 1 Further 
experiments showed 
chat increased carbon 
dioxide or decreased 
oxygen in the arterial 
blood caused a stimu¬ 
lation of the respira¬ 
tory centre by reflex 
stimulation of those 
chemoreceptors, labile 
decrease of artenal 
carbon dioxide re¬ 
sulted man inhibition 
of the centre 


A selective climmaHon of the chemoreceptors 
caused a reduction of pulmonary ventilation fay 
about 36 per cent The chemoreceptors thus exer¬ 
cise a tonic refiexogeuc stimulation on respiration**- 
The effects of separation of aortic and carotid bodies 
demonstrated the subordinate importance of the 
aor&e body as c omp a r ed with the carotid bodfp. 
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Hyperpnoea provoked by acute oxygen deficiency, 
which had been previously considered as centrogemc, 
is now known to be brought about exdunvery by 
the chemoreflex mechanism ' On the other hand, 
acute oxy gen d efici ency directly depresses the 
respiratory centre itself These experimental obser¬ 
vations have been confirmed in the main by a 
number of investigators* T - 44 

In a recent publication G M H—an 4 * points out 
that the dominating role of the * chemoreflex drive * 
in the respiratory defence against acute oxygen 
deficiency n now firmly established The chcmo- 
reflexes are entirely respo ns ible for the hypoxic 
hyperventilation, at least m those initial stages of 
oxygen deficiency that are associated with blood 
■ Ur«l mu Coasequendy those theories must be re¬ 

futed which state that hyperventilation during acute 
oxygen deficiency results from the direct stimulating 
effect of hypoxaemia upon the centre, from increased 
arterial hydrogen concentration or from increased 
intracentral or intracellular hydrogen ion concentra¬ 
tion m the centre 
* 

GHEMORZGEPTORS AND RESPIRATORY CENTRE 
In the hyperv en tilation induced by prolonged and 
chronic oxygen deficiency, the experiments of H 
Bjurstedt 4 * showed that the initial effect of oxygen 
deficiency on respiration is exduuvely due to the 
chemoreceptive reflex drive, while the effect of pro¬ 
longed hypoxaemia is mainly due to direct central 
impulses In hypoxaemia of long duration, the alka¬ 
linity of the blood due to the hyperpnoea progressively 
disappears At the same time the chemoreflex drive 
becomes lev active and the central dnve becomes more 
and more important, finally controlling respiration 
almost entirely H Wintbrstzin 1 has, however, 
pom ted out that, m spite of the reduction of the 
oxygen saturation of blood during oxygen deficiency, 
the increase in artenal hydrogen ion concentration 
induces an increase in oxygen pressure m the blood, 
which might well be sufficient to explain the decrease 
in chemoreflex dnve during prolonged hypoxaemia 
In feet, experiments of C F Schmidt and J H 
Comros 41 showed that the oxygen pressure in 
artenal blood rather than oxygen saturation is the 
mam factor affecting the chemoreceptors 
Records of the action potentials of the carotid 
body chem or e ce ptive fibres showed increased im¬ 
pulses with increase of hypoxaemia The great sen¬ 
sitivity of die chemoreceptors to oxygen presmre a 
Airther borne out by the ftet that such chemoreceptor 
im p ulses could be recorded as soon as the oxygen 
content of the blood fell to lem than 96 per cent 
Xrcpaje of ox y gen aturatkm above this level de- 
crcw^thege cheroorqpeptor impulse*’* ** 

With regard to the rale of the chemoreceptors in 


the regulation of respiration by arterial carbon 
dioxide, experiments showed that they are stirmilatfcd 
by slightly increased artenal carbon dioxide Records 
of the action potentials of the chemorece p t i ve fihres** 
furth e r showed that they began to cbscharge as soon 
as the alveolar carbon dioxide pressure exceeded 
c 30 mm mercury and that the discharge increased 
approximately linearly in relation to the carbon 
dioxide pressure Further work** ** showed that 
even when deprived of chemoreflex innervation, the 
respiratory centre still responds directly, however, to 
an increase of carbon dioxide in the inhaled air and 
in the artenal blood 

The importance of the chemore flexes as compared 
with that of the respiratory centre itself in the 
regulation of breathing by carbon dioxide has been 
much discussed According to one viewpoint, the 
chemoreflex mechanism plays a significant part xn 
the control of breathing under all circumstances 
Various workers** ** ,T •• ex pr e ssed the opinion, 
on the other hand, that under physiological con¬ 
ditions the carbon dioxide pressure in the artenal 
blood also stimulates the respiratory centre through 
the chemoreflex mechanism, and consequently the 
chemoreflex component is a necessary factor in the 
finer adjustment of respiration with respect to 
carbon dioxide Hyperpnoea induced by carbon 
dioxide in the alveolar air above the normal 5 to 
6 per cent is, according to R Gesbll**, purely 
centrogemc 

The second viewpoint implies that the chemo- 
recepton are not active under normal conditions 
and only become so m unusual circumstances typihed 
by anoxaemia, the marked hypercarbia associated 
with severe respiratory depression, and the action of 
certain drugs This opinion has, however, become 
untenable in view of the continually increased burden 
of experimental evidence indicating that the chemo¬ 
re flexes are also active under normal conditions 
Again A Pj-Suner 4 * has attempted, but without 
succcn, to revive the old opinion of a pulmonary 
chemoreceptive reflex mechanism for the excitatory 
effect of carbon dioxide on breathing 

The importance of the aortic and carotid chemo¬ 
reflex component as compared with that of the direct 
central component in the regulation of breathing by 
carbon dioxide under different physiological and 
pathological conditions u still open to investigation 
Under some conditions the chemoreflex component 
may indeed be the mbst important, while under 
others the centrogemc component may be pre¬ 
dominant These fects have been pointed out 
recently very dearly by C* M Hzsbr 44 who stated 
that - the chemoreflex drive gains in importance 
under alkalosis and eupnoca, mainly due to a more 
marked hyjtaodc rtmwilatioo of the cbemorecepton. 
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and probably to some extent due to an exa g ger a ted 
effect upon the chemoreflex dnve of tissue alkalons 
or hypoxia Withdrawal of the chemoreflex com¬ 
ponent dunng aadotic conditions reveals that the 
hyperpnoea dunng acidosis m mainly ccntrogemc 
Under physiological conditions, the chemoreflex 
component is a necessary factor ui the finer adjust¬ 
ment of breathing with respect to carbon dioxide * 

REGENT THEORIES 

The regulation of respiration thus has to be con¬ 
sidered m the light of the 1 multifile tor theory 9 of 
respiratory regulation as emphasized by J S Gray 1 * 
The interaction between the different factors regu¬ 
lating respiration controls the pulmonary ventilation 
under different physiological or physio-pathological 
conditions 

The physical reflexes (proprioceptive reflexes of 
respiratory movements) of respiratory regulation 
may also interfere with the chemical ccntrogemc and 
cbemoreceptive reflex regulatory mechanisms of 
breathing Thus the importance of any factor regu¬ 
lating respiration may vary according to the 
interference of other factors acting directly or reflexly 
on the respiratory centre 

The question then arises to determine to what 
extent the discovery of the * chemoreflex mechanism 9 
of regulation of respiration brings about a re-shaping 
of the ' reaction theory 9 Thu problem has been 
examined recently G Heyuans et o/tt 11 * 11 showed 
that acidity stimulates the chemoreceptors, while 
alkalinity acts in the opposite way It has also been 
shown 1 * that the factor which causes the chcmo- 
Teccpton to be excited by oxygen deficiency and 
carbon dioxide variations u the hydrogen ion con¬ 
centration within the chemoreceptive cells themselves 

H Winterstein 1 , after summarizing the results of 
all the recent investigations performed by different 
authors, proposes thr following picture of chemical 
regulation of respiration The activity of the res¬ 
piratory centre goes entirely parallel with the 
reaction of the blood & as far as haematogexuc 
regulation of b^gathing is concerned agrees com¬ 
pletely with the 4 reaction theory 9 The effect of 
lack of oxygen is entirely reflex by way of the chemo¬ 
receptors, the activity of which, again in complete 
agreement with the 4 reaction theory depends on 
the intracellular hydrogen ion concentration in the 
chemoreceptive cells The chemoreceptive regula¬ 
tion of respiration in hypoxaemia leads to increase of 
alkalinity of the blood on account of the induced 
hyperpnoedt^This increase 6f alkalinity for its part 
reduces the oxygen pressure of the blood for the 
same oxygen saturation, thus again increasing intra¬ 
cellular hydrogen ion concentration in the chemore- 


ceptnre cells and consequently reinforcing hyperpnoea 
by chemoreflex dnve This the sensitivity of the 
respiratory centre and of the chem or coc pto n to any 
variation in hydrogen ion conce nt ration may explain 
the changes in respiration induced by carbon dioxide 
and by hypoxaemia 

In the opinion of G M Hmn 49 experimental 
evidence favours the * intracentral acidity theory * 
for direct chemical stimulation of the centre itself 
The peripheral chemoreceptors probably respond 
more rapidly than do the central chemosenntive 
cells (respiratory centre) to changes in arterial 
hydrogen ton concentration 

The possibility of a specific direct action of carbon 
dioxide on the chemoreceptors and the respiratory 
centre, besides the action regulated by hydrogen ion 
concentration is, however, still open for discussion 
and investigation 

J F and C Heyuans et alu ,4 < 11 showed that the 
aortic and carotid nnu* chemoreceptors are also 
sensitive to a number of drugs Lobeline, nicotine, 
acetylcholine, cyanide etc stimulate the chemo¬ 
receptors and induce a reflex hyperpnoea, while the 
same drugs do not slightly stimulate or even directly 
depress the respiratory centre itself These experi¬ 
mental observations have been confirmed*•■ u » *•» 
4i, is, 11 »• The stimulation of chemoreciptoni by 
drugs 1* not dependent on hydrogen ion concentra¬ 
tion but is induced by a direct action of the drugs 
cm the chemoreceptors as shown by U S von Euler, 
G Lujbstrand and Y Zojterman** 
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Electrical Properties of Muscle Fibre 
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The speed of actum and the power of muscles 
present one of the most interesting problems ot 
physiology, the ultimate explanation of which will 
depend upon a thorough knowledge of the contractile 
material, and especially of the physical and chemical 
properties of the long-chain protein molecules, 
embedded in muscle fibres 1 * 4 It u dear that the 
development ofgnuscular spped requires more than 
a suitable arrangement of contractile molecules 
there must also be a mechanism whereby the whole 
of a muscle fibre, say 0 1 mm thick and a few centi¬ 
metres long, is excited promptly and thrown into 
effectively synchronous action whenever a nerve 
impulse arrives at the microscopic contact region of 
the muscle fibre is at the motor endpiate Such 
synchronous action is brought about by a wave of 
electrical excitation which travels rapidly along the 
fibre surface, and which closely resembles the action 
potential by means of which signals are transmitted 
in nerve fibres The mechanism of this propagation 
n in tim at el y connected with the surface membrane 
of the cdl and » asso ci ated with critical changes of 
its ionic permeabdxty ‘ ^ 


It is an interesting fact that nerve and musde 
fibres, in spite of their different functions, share the 
important property of an electrically excitable 
membrane of being able to transmit impulses from 
end to end In the nerve fibre this mechanism 
provides an effective communication signal between 
distant cell units In the musde fibre the impulse 
serves to stimulate the contracule substance all Along 
the fibre, contraction following the action potential 
wave at every point as it sweeps past In both 
instances the special function of the surface layer of 
the cell ensures that a disturbance at one point is 
rapidly conducted over the relatively long distances 
of the cell 

This review is concerned mainly with the properties 
of the musde fibre membrane and m particular with 
some of its electrical characteristics which have 
recently been measured It is instructive to compare 
the membrane properties of nerve and musde 
fibres, for the common features of these two types of 
cell may well apply to exdtable membranes in 
general, while any characteristic differences in their 
electrical reactions might provide a due to the 
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unknown promt whereby excitation and contraction 
are coupled 

EVIDENCE FOE A SURFACE UKMIRANK 

It should be emphasised that no direct way hat 
yet been devised of making the excitable surface 
membrane of a nerve or muscle fibre visible All 
known methods of demonstrating this membrane 
are indirect, but to challenge its existence would 
be as difficult as to contest the reality of atoms or 
electrons The 4 excitable membrane ’ is, in fact, a 
postulate which has been established by a careful 
study of the chemical composition and electrical 
behaviour of the cell 

Nerve and muscle fibres contain aqueous salt 
solutions which take up the greater part of the cell 
volume and are in osmotic equilibrium with the 
surrounding body fluid, but differ greatly from it in 
thar electrolyte content 1 " 7 In the outside fluid, 
about ninety per cent of the osmotic balance u made 
up by sod mm and chloride, while in the internal 
fibre water these ions account for leu than ten per 
cent of the balance, potassium taking the place of 
sodium, and organic anions—which still await 
chemical identification"—replacing chloride It has 
been argued that potassium might have a special 
affinity to the cell proteins and be accumulated in a 
• bound • state rather than as free 10ns, but the 
osmotic balance sheet** * as well as the electric 
conductivity of the muscle fibre 10 19 make it 
improbable that the activity and mobility of the 
intracellular potassium are very much lower than in 
an ordinary solution There is evidence that the 
differences in ion concentration between cell and 
surroundings are maintained, with only a slight 
expenditure of energy, by a membrane which a 
much less permeable to sodium and to the internal 
anions than to potasuum and chloride, E J 
Conway** 19 has suggested that the mam factor 
determining this differential permeability is the sue 
of the hydrated ion Hus view has not been 
universally accepted T * 14 , but it agrees satisfactorily 
with many findings on living nerve and muscle 19 * llMt 

While there is gpod reason to believe that potassium 
and chloride can penetrate the fibre surfhee more 
readily than can sodium and organic anions the 
process is nevertheless very slow compared with that 
of free difluaon Recent experiments with radio¬ 
active tracers 11 ' 99 have shown that the mixing of 
external and internal potassium takes some hours to 
reach half-completion, by comparison the same 
degree of mixing in a loo p, fibre of agar jelly would 
take less than one second If we accept the view 
that the internal potassium 10ns are fredy diffusible 
within the boundaries of the cell, the slowness of 
thar exchange with external labelled ions it strong 


evidence for the existence of a special surface bamer 
A similar conclusion has been reached by electrical 
studies These have shown that the interior of nerve 
and muscle fibres behaves rather like an ordinary 
electrolyte, of somewhat lower conductivity than the 
surrounding body fluid, but that the cell surfhee 
contains a layer of high direct current reratance and 
large capacity In other words, the fibre resembles 
m its dectncal structure a miniature cable embedded 
m the lymphatic tnsue fluid 

'active' and 'passive* electrical 

PROPERTIES 

The electrical behaviour of an excitable cell is, 
however, much more complicated than that of an 
inert piece of cable The normal nerve or muscle 
fibre contains a chemical source of energy which 
helps to {Reserve a steady state and to maintain a 
low internal sodiunp concentration against small 
continuous leakage** 19 The surfhee membrane is 
thereby maintained at a voltage of 50 to 100 mv, 
positive outside, and any leakage of potasuum and 
chloride is thus prevented Moreover, the electrical 
properties of die membrane are altered m a 
characteristic manner when a current passes through 
it, and under critical conditions the surfhee becomes 
excited and yields a propagating action potential 
It has been customary to distinguish between the 
passive cable properties of the resting fibre and 
active electrical phenomena which depend upon the 
internal energy resources of the cell, though it 11 
recognized that there it no sharp division between 
these two properties and that they arc equally 
important for the transmission of impulses 
In all these respects there do not appear to be any 
essential differences in the reactions of nerve and 
muscle membranes both become excited at those 
points where the electric current leaves the fibre 
11 at the cathode , excitation occurs when the 
potential across the membrane has been reduced 
sufficiently and manifests itself in a rapid pro gra mvc 
lowering of the surface potential followed by a 
return to the resting level, the so-called * spike' 
The electrical cycle runs to completion in one or a 
few milliseconds It has an explosive ‘ all-or-none 1 
character m each individual fibre and is capable of 
generating local currents sufficient to re-exate the 
neighbouring resting regions of the fibre with an 
ample safety margin 91 " 99 The signal travels with 
constant strength and speed to the ends of the fibre, 
leaving it ready to respond again after a brief 
‘ refractory period * of one or a few milliseconds 
It a dear that this process of tmngnissmn differs 
from that in an inert electric cable in that the signal 
of a nerve or muscle fibre » boosted to frill strength 
at every point of the line by a local relay mechani s m 
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and derives its energy from the local resources 
distributed along the transmuuon line, while the 
mmsflT m an ordinary cable obtains its energy 
usually at its point of ongin alone It will be easy 
to understand the need for a continuous relay 
mechanism along physiological transmission lines if we 
examine their electric characteristics quantitatively 

If an external electric signal, say a rectangular 
current pulse, u applied to the surface of a nerve 
or muscle fibre through two electrodes, and provided 
that the strength of the current is well below the 
threshold of natation, the cable properties of 
the fibre can be measured' 4 * fll A faction of the 
applied current penetrates the fibre and in so doing 
it establishes a potential difference across the fibre 
membrane Thu potential difference then spreads 
along the fibre m the same way in which an electric 
signal is transmitted along a cable it travels as 
far and as fast as the leakage and capacity of the 
cable sheath, in this case the surface membrane, 
permit By a senes of observations which include 
measurements of the resistance and diameter of the 
fibres, and of the attenuation and distortion of the 
wave form in the extrapolar region, the relevant 
constants such as leakage and capacity of the 
membrane and conductivity of the cell fluid can be 
determined 

TabU 1 gives a summary of the results obtained 
from various types of non-medulla ted nerve and 
muscle 11 at a temperature of approximately ao°G 
Ftgure / shows an example of such measurements 
the applied signal n a rectangular current of 
instantaneous rise, the waveform becoming so 
distorted and rapidly attenuated as it spreads along 
the fibre that even at i mm from its origin it has 
little resemblance to the applied pulse, and after a 
few millimetres no detectable signal strength is left 

We must conclude, therefore, that as passive 
cables our nerve and muscle fibres would be useless 
A message which depended, as in an inert cable, 
solely upon the energy supplied at its ongin would 



mm — 

a Preparation consisting qf two frog musde 
fibres, diameters 13a and 

Figure i 1 Passive * spread qf a sub-threshold 
eUctnc signal t n nerve and muscle fibres The 
applied signal was a rectangular current qf 
instantaneous rue, tku stgnel is recorded from 
the surface qf the fibres at various distances 
from the point qf application 



not travel far In addition, it is clear that a relay 
mechanism is required to boost the signal to full 
strength at every point of the fibre and so ensure 
its propagation without decrease The reasons for 
the ‘ defective’ properties of our physiological 
cables are obvious their core is not composed of 
thick strands of copper, but of a thin filament of 
jelly containing a dilute salt solution, and their 
sheath does not consist of a few millimetres coating 
of insulating material, but rather of a delicate and 
porous lipoid layer, perhaps not more than two 
molecules acroM 1 * 


Table I Fleetncd Constants qf Nerve and Muscle Fibres 
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Nevertheless the passive cable properties of nerve 
and muscle play a very important part in the trans¬ 
mission of impulses They provide the electric link 
between adjacent regions of the fibre and ensure 
that electric currents gen er a te d by the activity of 
one region will spread over a small distance into 
the resting region, sufficient to excite its relay 
mechanism 11 It has been observed that changes 
in the electric circuit constants eg in the resistance 
of the fluid surrounding the fibre, alter the velocity 
of the impulse m a manner which can be calculated 
on simple theoretical assumptions* 7 " Furthermore, 
there is a correlation between the cable constants of 
different fibre types and their conduction velocities 
the lower the internal resistance and the smaller the 
capacity of the surface membrane, the higher the 
speed of the impulse , ihis probably explains why 
large fibres of the same animal conduct more rapidly 
than small fibres* 1 , and why muscle fibres of which 
the membrane capacity is high conduct more slowly 
than nerve fibres of which the membrane capacity 
is relatively small 1 * 

TRANSMISSION IN MEDULLATED NERVES 

It should be pointed out that these companions 
cannot readily be extended to the medullated nerves 
of vertebrates, for the structure of these nerve fibres 
u more complicated They possess a relatively thick 
accessory sheath which is broken at regular intervals, 
at Ranvier'i node* Apparently an exchange of ions 
between fibre and surroundings can occur only at 
these nodes, where the nerve membrane itself u 
exposed, and there is good reason to believe that the 
active relay process is restricted to thr^e nodal 
regions 11 It seems that, in medulla ted nerves, 
impulses travel firom node to node by means of the 
ordinary cable mechanism without local energy 
supply, and that they are boosted only at the discrete 
nodal regions, every 1 to 3 mm apart It would 
appear that this is a more economical type of trans¬ 
mission than that tty muscle or non-medulla ted nerve, 
but it must be admitted that even m these tissues the 
tnuumuuon of signals proceeds with extraordinary 
efficiency and with only a very minute dissipation of 
energy**, the heat produced during the transmission 
of one million impulses along 10 cm of a crab nerve 
fibre being only of the order of one |ical 

TIME CONSTANT OF MUSCLE FIBRE 
One of the interesting point* arising from the results 
of TabU J u that it provides an explanation of the 
largo electrical time constant of the muscle fibre 
Electrical stimulation of muscle* 4 •* has revealed 
that its time fbetor of excitation is of the order of 
10 msec, much longer than that of its motor nerve 
Furthermore, it has been shown that a motor nerve 
impulse which lasts only about 1 msec produces a 
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local potential changte at the endpUtc region of a 
muscle fibre which takes 20 to 30 msec to decay** 
One of the reasons for this difference in time scale 
appean to be the large capacity of the muscle 
membrane, the latter being able to retain applied 
electric charge for many milliseconds 

The physical significance of this large capacity 
remains to be explained it may be due to a genuine 
difference between nerve and muscle membranes, 
but alternatively it has been suggested* 7 that the 
muscle membrane might be 1 in folds *, rather than 
in an expanded state, and that the large value of its 
capacity might be only apparent and, in reality, 
arise from an enlarged surfacejvolume ratio 

NATURE OF THE MEMBRANE RELAY 

mechanism 

It has been found possible in recent years to study 
the electrical properties of the cell membrane by 
inserting small electrodes inside the fibre, so recording 
the potential difference between inside and outside 
directly across the membrane without extraneous 
shunting Experiments of this kind have been made 
on the giant nerve fibre of the squid* 4 4 \ see Figure a, 
and on frog muscle**' 44 and have given the following 
results 

The resting membrane is charged to 50 to 90 mv, 
outside positive This resting potential is a function 
of the external potassium but is independent of the 
external sodium concentration During activity the 
potential difference across the membrane is tem¬ 
porarily reversed to 30 to 30 mv, outside negative 
The revened swing depends greatly upon the 
external sodm m concentration , it becomes larger if 
the sodium concentration is raised and disappears 
if the sodium content is reduced to leas than one 
third 41 ' 41 A similar effect has been observed in 
other nerves and in muscle fibres**' 44 > but in the 
latter the waveform of the action potential is dlffermt, 
there being a slow monophasie, instead of diphasic, 
return of the potential wave The theory has been 
advanced 44 that the resting membrane is relatively 
impermeable to sodium, and that the active cycle u 
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accompanied by a transient increase of the sodium 
per meability It u thought 47 that the membrane 
contains special molecules which are negatively 
charged and can act as 1 sodium earners' The 
resting potential itself stabilizes the position of these 
molecules, but the reduction of the resting potential 
by local action currents releases their movement 
and thereby allows some sodium 10ns to traverse in 
the direction of their concentration gradient Thus 
sodium enters the fibre and reduces the resting 
potential further in this way an electrochemical 
chain ^reaction is initiated which involves the transfer 
of a minute quantity of sodium into the fibre and the 
extrusion of a minute amount of potassium in 
exchange This view is supported by direct 
observations of the rate at which radioactive sodium 
and potassium tracers move across the fibre surface 
during periods of rest and activity 4 ** 4# It appears 
that the quantities of cations which arc exchanged 
during activity are of the right order of magnitude* 
11 they are large enough to account for the electric 
current strength of the propagated spike 

It is interesting that the active phase of the impulse 
u accompanied by a sudden reduction of the electric 
impedance of the membrane, Figures 5 and 4, an 
effect which has been attributed to an increase of its 
ionic permeability 44 • 11 


DIFFERENCES IN ELECTRICAL REACTIONS 
OF NBRVB AND MUSCLE MEMBRANES 

In all the above respe cts nerve and muscle fibres 
appear to function in the same manner , m certain 
details, however, important differences are seen 
The differences in time scale and m the size of the 
membrane capacity have already been mentioned 
Another distmctson tt the shape of the action 
potential of muscle fibres 14-4 4 , this shows after the 
mam spike a large residual depolarization, or 
1 negative after-potentialwhich subsides only 
slowly It may be that this slow phase is related to 
the next event in muscle functioning, namely the 
activation of the contractile mechanism * 

Further, a peculiar di ff e ren c e between frog 
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Ftm 4 Actum potential and memb r a n e im¬ 
pedance change m s frog muscle* 1 , cf Figure 3 Tht 
upper record shews the transient unbalance qf the 
alternating current bridge although the oscillations 
in the first part of the trace haebeen last in repro¬ 
duction, and the tower record shows a muscle actum 
potential (diphasic load) 

muscle and non-medulla ted nerve is found when 
both arc exposed to a high external potamum 
concentration As mentioned above, the internal 
electrolytes of the fibre consist mainly of potassium, 
which can penetrate the surface membrane, and of 
organic anions, which cannot pe n e tr ate It is 
possible to imitate this condition on the outside of 
the muscle fibres by immersing them in a solution 
of potassium sulphate eg o 06 m potamum sul p hate 
to which 005M sucrose is added Sulphate, in 
contrast to chloride, is known not to penetrate the 
fibre surface 41 The muscle becomes completely 
depolarized and inexcitable m this solution, but it is 
not permanently damaged and recoven when 
returned to more normal surroundings 4c * 47 It 
would be expected that, under these conditions, any 
dectnc current which passes through the membrane 
13 earned by potamum only, and as the potamum 
concentrations are approximately the same on either 
side that the resistance would be independent of the 
direction of the current The membrane, however, 
in fact shows a very striking recufier effect, the 
resistance at the cathode ue to outward currents, 
bring many times greater than at the anode, Vfhere 
current enters the fibre. Evidently the electrical 
conditions on either side of the fibre surface are not 
symmetrical, and it appears as though potassium 
can be made to enter the fibre more easily than to 
leave it It may be that the structure of the muscle 
membrane is 1 asymmetrical * and that, in the coune 
of the outward current flow, a rapid depletion of 
potassium occurs at the inner surface At any rate 
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the observed effect a striking, and it h interesting 
that no trace of it has been found in Carcmus nerve 
fibres, which Lqk all rectifier action and tend to 
become irreversibly damaged when they arc exposed 
to a high concentration of potassium sulphate 

DEPOLARIZATION OP ENDPLATB AREA 

In dealing with the electrical properties of the muscle 
fibre we have, so for, neglected the specialized region 
in the neighbourhood of the nerve contacts, the 
motor endplate The mechanism by which impulses 
are transmitted from nerve to muscle goes beyond 
the scope of this article, and it must suffice to refer 
to the re ce nt discovery that acetylcholine, C t H m O,N, 
is released at the nerve terminal*” and that it 
depolarizes specifically the endplate area of the 
muscle membrane 1 *"* 1 . 

It will be of great interest to inquire into the 
of this special chemical depolarization 
It may be that the acetylcholine ion itself u able to 
penetrate the endplate membrane at such a high 
rate that it produces a local depolarisation, 
alternatively, acetylcholine might render the endplate 
region more permeable to sodium and thus, indirectly, 
initiate a local electromotive change 

It has recently been shown by P Fatt (unpub¬ 
lished) that acetylcholine depolarizes the motor end¬ 
plate even in the absence of sodium , this finding 
eliminates the second possibility mentioned above 

RELATIONSHIP OF ELECTRICAL TO 
MECHANICAL GHANQES 

Finally, a word might be said as to the relationship 
between the electrical changes of the muscle 
membrane and the ensuing mechanical changes of 
the fibre There is little doubt that the contraction 
is a local sequel to the action potential wave** but 
the mechanism of coupling between these two 
phenomena is unknown It has been suggested that 
the transport of 10ns through the muscle substance 
might initiate the contractile cycle, but it is more 
likely that the protest starts at the fibre surface and 
quickly spreads inward at every point The argu¬ 
ment is as follows if an electric current is passed 
through a muscle from end to end contraction does 
not commence at the same instant throughout, 
an excitation wave fe initiated at the cathode, 
however, and the contraction follows the action 
potential in its course along the fibre If the 
propagation has been stopped, by a drug like 
cocaine or by withdrawal of sodium, a strong enough 
current will still produce contraction, but only 
locally m the neighbourhood of the cathode It is 
dear, therefore, that the contractile substance is not 
sti m ulated by the flow of current as such, except 
powbly at those points where the current leaves 
die fibre 


It can forther be argued that the stimulus which 
mobilizes the contractile matter u not the flow of 
current at all but the diminution of clcc tnc charge 
density at the fibre surface * first, because it is 
doubtful whether a brief electric current would 
affect the distribution of iosa m the fibre except at 
its surftce membrane, and secondly because con¬ 
tractions can be produced by chemical depolarization 
without any current flow* 9 Certain chemical 
agents eg potassium and vermtnne (C B1 H 4t O c N), 
cause a diminution of the resting potential auociatcd 
with contracture Contractures of this kind are 
rapid and reversible , they can be made to summate 
with the effects of cathodic, depolarizing currents 
and to relax under the influence of anodic, 
repolanzmg currents These contractures share an 
important feature with the local electnc contraction 
at the cathode and with the normal muscle twitch 
m that they are associated with a loss of electnc 
charge of the fibre membrane Thu electnc 
alteration, there fo r e , appears to be the one most 
intimately connected with the initiation of the 
contractile cycle, though it must be admitted that 
the next link of the process u, at present, completely 
mysterious 
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Irrigation Requirements in Spain 

Dr L CAVANILLAS 

Chief Engineer, Hydraulic Section of the National Institute of Agricultural Research, Madrid 


Conditions of climate and soil typical of Spam 
lend to its agriculture certain specialized features 
which differ entirely from those found in England, 
and indeed he in direct contrast The differences 
may be summed up as follows high temperatures 
and low humidity in Spam and, on the other hand, 
abundant humidity and low temperatures in E n gla nd 

These well known facts are of great consequence 
for us Not only must we contend with large expanses 
of poor soil characteristic of dry climates but our 
success in agricultural development is further limited 
by deficient water supply due to lack or inadequate 
distribution of rainfall Given adequate water, and 
taking into account the warm climate, there are 
enormous possibilities for arable farming This is the 
crucial factor which makes development of irrigated 
land in Spam essential* But the hydraulic resources 
of the riven are limited and water must be controlled 
in a manner which will ensure maximum harvests 
1# only the quantities strictly necesnry for the 
needs or the crops must be used, so that the benefit 
of the irrigation is spread over the widest powble 
area Thu concern has prompted the recent estab- 
hsbment of a small network of hsnnetnc stations, 

* Tho Hath—I HyWte Worin Pla. which ■ aow m profM, 
is warn d m flsnhj son* 909,000 a» mam Mtattoo*. 


under the joint control and maintenance of the 
Higher Council for Scientific Research and the 
National Institute of Agricultural Research of Spain 
Since it is necessary to know as accurately as possible 
the evaporation and transpiration rates of the various 
crops during the whole course of thar development, 
we have adopted the well known gravimetric method 
whereby the plants are grown m lisimeten which are 
weighed periodically with suitable precision balances, 
thus determining the amount of water evaporated 
and transpired m a fixed period of time by the 
differences between corresponding readings 

There are at present ten stations of this type 
They constitute an organisation which coven the 
principal regions of Spam The sites of the stations 
arc as follows North region, Pontevedra , Ebro 
Basin, Saragossa and Brndar , Douro Basin, Valla¬ 
dolid , Central region, Madrid and Alcali d- 
Henares, Eastern region, Valencia, Western 
region, Bactyos, Southern region, Seville and 
MAlaga 

The oldest station it that at Bmdar (Hucsca) and 
was established by the Ebn> Conservancy Board. 
Then came,jhe two in the Central region, and that 
of Seville, which began operation in 1943 and 1946. 
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Those of Valencia, Badgjoz and MAlaga were com¬ 
pleted in 1949, and those at Saragona and Valladolid 
will be completed this year 

DESCRIPTION OF INSTALLATIONS 
These are composed of two c—entnJ elements a 
group of mobile luiraeters arranged in double rows, 
and between them a travelling balance provided with 
a crane 

As regards the type ofbsuneter, it has been decided 
to use cylindrical tanks of uralite which combine 
various advantages they are chemically inert with 
respect to the sod, they are bght, easy to obtam 
and replace, and more economical than most other 
devices The inner surface is waterproofed, and at 
the lower end of one side is an orifice closed with a 
rubber bung for the removal of drainage water 

Two types of humeter have been adopted, the 
smaller of 36 cm internal diameter and 70 cm high, 
the larger of 53 cm internal diameter and also 70 cm 
high It is convenient to employ two types with 
different dimensions, since some relatively tall plants, 
such as maixc, have an extensive area of growth and 
require large masses of sod With these it u not 
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passible to grow more than one plant per lunmeter 
since die large containers have a sod area of o*aa m*. 
On the other hand, the smaller type, having a sod 
area of o 10 m 1 , can take several wmter cereal plants, 
or one plant each of haricot bean, French bean, 
beetroot etc 

In all the Lisuneters the contents are arranged in 
the following way at the bottom, a layer of coarse 
gravel, then layers of progressively finer gravels, 
ending with one of very fine shingle 13 cm above 
the base , above this final layer the remaining 55 cm 
is filled with fertile sod This arrangement gives an 
adequate depth of sod and also leaves space, amongst 
the coarse gravel, for the accumulation of drainage 
water, which is easdy removed, as described 
previously 

In spite of this an experimental error is un¬ 
avoidably introduced by isolating a quantity of 
earth from the rest of the sod although the quantity 
is large (85 to 90 kg in the smaller bsimeter, 175 to 
180 kg in the larger) Another lea easily avoidable 
error u introduced by variations m sod temperature 
across die uralite walls In order to reduce this as 
much as posuble the l m m e t e rs are kept in the ground 
in cylindrical bnck-lined cavities, the diameter of 
which is shghdy greater than that of the bsimeter 
In this way the walls are protected against direct 
sunlight and arr nearer to die natural layers of the 
sod in the plot, thus favouring better temperature 
equdibration 

The haimeten are arranged m paired rows, with 
a mobile carnage bearing the balance between them 
Thu apparatus, so essential to the installation, has 
been the subject of prolonged study an arrangement 
had to be contrived which would carry, m addition 
to the balance, a crane for lifting the luimeters out 
of their positions in the ground and keeping them 
suspended during removal of drainage water At 
the same time it was neocssary to ensure great pre¬ 
cision and sensitivity in the balance, simplicity in 
its use, and lightness of construction so as to obtam 
a minimal weight, and thus easy and rapid transport 
and manipulation 

All thu has been achieved in an apparatus (of 
which Figure / gives an idea) which in all its con¬ 
stituent parts u a product of our national industry 
Among the encntiab of the apparatus u the carnage 
which u provided with four wheels, of which the 
front pair u for steering and u attached to a bar 
and collar arrangement so that a single man can 
move the vehicle in any desired direction On the 
carnage u a revolving platform carrying the balance, 
the crane and a large box for counterweights 

The aim of the balance is eccentric to the rotating 
platform so that the we^hts do not project ever the 
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humeten during readings but 
over the ground, while the 
other end necessarily extends 
over the centre of the Unmeter 
The weighing operation is 
simple and rapid , it coiuiits 
essentially of hooking the sus¬ 
pensory mechanism on to the 
lulmeter and inclining towards 
it the arm of the balance 
Weights are then loaded on 
die opposite arm until they are 
sufficient to nuse the lisimeter 
and maintain it suspended, 
lifting it only partially from its 
position in the ground Once 
the weighing is completed it u 
easy to disconnect the mechan¬ 
ism and return the weighed 
Unmeter to its place 

The degree of accuracy of the weights is of the 
order of 5 gm when working with the small luimeters 
and of 10 to 15 gm with the larger type This high 
sensitivity permits readings of great pretimon which 
are use Ail 0 g in order to ascertain the dally variations 
in transpiration at as short an interval as required 

OPERATION OF THE STATIONS 

In each station is studied the water consumption of 
the plants which constitute the most important crops 
of the particular region At the moment these obser¬ 
vations are earned out on the following plants 

Northern region maize, potatoes, purple clovci* 
Central region wheat, barley, oats, maize, al¬ 
falfa, broad beans, French beans, 
sugar beet, tomatoes, cabbage 
Eastern region wheat, maize, French beans, 
potatoes, onions, groundnuts 
Western region wheat, barley, maize, broad 

beans, French beans, vetch, 

tobacco, cotton, cabbage 
Southern region quuze, cotton, sugar cane, 

Spanish sweet potato, alfalfa, 
clover 

Maize is thus the control plant which serves to 
establish comparisons between the effects of the 
climates of the different regions acting on the 
crop Other plants, such as wheat, pot ato es ttc are 
8 l*Oj^own m more than one fetation for reasons of 
interest and for their importance m the agriculture 
of the regk» concerned 

The pl a nnin g of the exp erim ents vanes but a 
minimum of three experiments on e yfr cr op is 
earned out per year The fint eortuts of submitting 
the plant to an gt nu n ph ero lacking in monture, the 


second of admitting only the moisture which ti 
stnedy necessary to the plant, replacing at suitable 
intervals the water lost by evaporation and trans¬ 
piration , the third consists of giving more frequent 
and generous waterings than in the second experi¬ 
ment Each procedure is earned out in three or four 
linmeten and therefore at least nine to twelve 
luimeters are needed per plant per year to perform 
three experiments with three or four repetitions. 

Nevertheless the number of cxp e iim e uU Is usually 
greater than this, for example, m cereals the develop¬ 
ment u divided into three periods the fint from 
sowing till formation of shoots, the second up to the 
beginning of ear formation and the third up to the 
complete ripening of the gram In each of these 
periods water 11 either withheld or supplied in excess, 
resulting in the following seven experiments 

/ deficiency of water in the fint period 

2 deficiency of water in the second period 

3 deficiency of water in the thud period 

4 excess of water m the first period 

5 ex cess of water m the second period 

6 excess of water in the third period 

7 water equilibrated in all three periods 

Excess moisture is easily produced by "W"« of 
watering On the other hand, to produce moist ur e 
deficiency in crops growing during the autumn and 
winter a device a required which will shield them 
from ram but not keep out the light Thu is achieved 
by means of mobile glass coven in wooden frames 
which form nxudl shelters completely covered on the 
two up p er surfaces, partially open at the sides and 
completely open at the bottom so as to provide free 
circulation of air around (ho plants, whde rain is 
prev en ted fi*m e n tering jtsch an arrangemit u 
shown In Flgtn ». 
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In the first experiments w which this arrangement 
was used it was observed that temperature abnor¬ 
malities were produced by protecting the plant from 
night cold Thu effect was very ^ marked when the 
covering was in position day and night during the 
penod in question, but became negligible when 
the arrangement was used only m daytime while 
the rain lasted, and left off at night except at times 
when the sky was completely clouded over and rainy 
Naturally, the days and times of day at which the 
covering was used were carefully noted These 
observations taken in conjunction with the rainfall 
readings permit exact calculation of the amounts of 
water received by the plant 

As for the general technique of the experiments, 
this consisted of keeping a numerical record for each 
luuneter, noting the treatments applied and the 
principal details of the crop and its growth, obrervuig 
weights, quantities of water from ram, irrigation and 
drainage, and thus establishing a true picture of the 
water balance over the whole crop 

Given die considerable number of luimeters which 
must be kept in operation, it is not possible to weigh 
them all daily, but only once or twice per week 
More weighings would not be of use, since replace¬ 
ment of evaporated water » conveniently performed 
at intervals of a few days so that the quantity given 
will be large enough to reach the depth neceuary 
in fertile soil 

Neverthelc*, it is usual to weigh one luuneter 
daily for each crop, in order to establish correlation 
between the meteorological observations, which are 
of course issued daily, and the daily results for the 
evaporation and transpiration rates of each crop. 

INTERPRETATION 07 RESULTS 

The interpretation is surely the most interesting 
and delicate point of this work, if conclusions are 
to be derived from it with a practical bearing on 
agriculture and particularly on water requirements 
and supply It u not pavible, in general, to use figures 
from three or four single luuneter experim ents to 


obtain information on large scale cultivation simply 
by multiplying the results by the number of plants 
normally present m a hectare Such a basu of cal¬ 
culation would apply only when the plants in the 
luimeters grew according to the average of those m 
the field But, on the other hand, it u reasonable 
to conclude that in the open country as in hsimeters 
a relationship exists between plant development and 
evaporation-transpiration rate, and that within 
certain limits die amount of the yield u m direct 
proportion to the amount of water transpired Thu 
feet u thoroughly demonstrated in the lmmeter ex¬ 
periments and serves as a basu for calculation Tatis 
I shows the relationship between water and dry 
matter formed 

The author has recently published an article on 
the cultivation of potatoes in the Central region 1 
explaining and justifying thu hypothesis by means of 
comparisons between results obtained in luimeters 
and in cultivated plots We shall see there same 
theories applied to experiments with roaipe The 
remits of thu and of eight other experiments, earned 
out at the same time but with different d egrees of 
humidity, are also given 

The first part of the summary of the above article 
u compiled using figures obtained by the multipli¬ 
cation of luuneter results by 43,000, the number of 
plants present approximately in a hectare, and in 
the same wav the quantities of water and die weights 
of the yield are adjusted to hectare values. The last 
part of the summary simply relates die weights of 
water administered to the yield obtained, ex pr essed 
as usual m term s of dry matter If we limited our¬ 
selves to using the results calculated per hectare, we 
would have to admit that m order to obtain a yield 
of 6,000 kg of grain die most advantageous volume of 
irrigation is about 7,000 m" (experiment with excem 
water in the second penod) It u a feet, however, 
that a good harvest may be lbbut 3,000 kg/ha Thu 
showi clearly that the plants to the 

first experime n t (with water approxi ma tely constant 
and equilibrated throughout the whole penod of 
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experiments are bong repeated 
m l mm et en aa well as in tnal 
plots at the Irrigation Estate of 
the National Institute of Agri¬ 
cultural Investigation After 
aocne two or three years* work 
it will no doubt be possible 
to confirm or modify these pre¬ 
liminary conclusions 

OTHBR ASPECTS OP 
RESEARCH WITH LISIMETERS 


growth) really re pr e se nt the average of growth in 
the open field Those corresponding to the two 
last experiments have been reared in artificially 
favourable conditions and cannot be considered as 
repres en ting a mean of what occurs in natural 
surroundings 

Further analysis of the data reveals that the second 
period b decisive any deficiency or excess of water 
n this period u reflected, more or less strongly, in 
’he weight of die yield 

As regards the first period, excessive moisture at 
this time is very harmful, to the extent of leaving 
the plants permanently injured and unable to seed 
In contrast, lack of water in this period should not 
be harmful, provided that during the second period 
it is compensated by a sufficient abundance In the 
third period the plants are less affected by the degree 
of moisture in the soil, since growth is now in a 
downward phase 

We see, however, that the ratio between kilograms 
of water evaporated and of dry matter formed 
always tends to vary between 400 and 500, except 
under very abnormal conditions According to the 
above, if the mean results of the first experiment are 
accepted, the figures shown m TabU II are obtained 
from their corresponding values 

This can be adapted into a scheme of irrigation 
by using the volumes of water per hectare correspond¬ 
ing to the ratios given m TabU II For one hectare 
this scheme would be as shown in Tablt III 

We do not claim to have reached a definite con¬ 
clusion by means of these data At the moment the 
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The influence of different soil types on the consump¬ 
tion of irrigation water and its requirements per 
hectare is well known and vanes with the water 
capacity of the soil Again, the ratio between dry 
matter formed and water transpired vanes with 
the composition of the sod and the fertilizing agents 
present These variables are also taken into account, 
and m the experiments with the more important 
crops a few lisimetcrs are set aside m which the type 
of sod u varied At the same time other lmmeters 
contain manure different from that used in the 
general experiments it certain lisimetcrs are taken 
from the equilibrated humidity experiment so that 
the formula of the fertilizer in them can be varied 
Fertilizers influence the quality of the harvest ms 
much as does water supply, and for this reason the 
same type of experiment has been started, so far 
only with wheat, to investigate the bread- m a kin g 
qualities of different flours in relation to the supply 
of water and fertilizer The first advance in this 
field has already been published in two parts 1 * 9 
The results for one year only are recorded, but those 
for two other years will be published shortly 


SUMMARY 

Most regions of Spam have low rainfall and high 
temperature during spring and summer Thus the 
cultivation of irrigated crops becomes extraordinarily 
interesting, but water supply u limited and must be 
carefully controlled and utilized so as to derive the 
greatest pomblc benefit from it It is therefore 
necessary to know as accurately as possible the 
amounts of water which will be best suited to the 
needs of each crop m the various regions With 
this end in view a network of hnmetnc stations has 
been created These determine by gravimetric 
methods the water requirements of each crop In 
this article the mechanism and ftinctum of the 
stations are explained, and some results given 


1 Gavamillas, L 
9 ( 1949 ) ao 
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Miscellaneous Notes 
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CHEMICAL RESEARCH LABORATORY 

Industrial bacteria — Bacteria are used m all kinds of 
industrial proccwcs from the production of yogbourt 
to the manufacture of solvents In order to provide 
industry and research laboratories with the cultures 
they need a national collection of industrial bacteria 
was begun at the Chemical Research Laboratory of 
the D & I R early in the year It took over the non- 
pathogemc cultures held by the National Collection 
of Type Cultures at Colindale and now houses some 
three hundred and fifty types This number is ex¬ 
pected to be increased considerably as the Collection 
becomes more representative of the needs of industry 

The Laboratory will maintain any organism which 
has ceased to be of mtrrest but which may be wanted 
later It frequently happens that a particular 
organism is destr oy ed when it has fulfilled its tem¬ 
porary purpose and yet may be required in the 
future at short notice The Laboratory will also 
maintain any organism which for one reason or 
another should be duplicated Cultures may change 
character at an inconvenie n t moment, for instance, 
and this could hold up important work 

Most of the non-pathogemc bacteria supplied up 
to now by Colindale can be obtained from the 
Chemical Research Laboratory and the Laboratory 
will try to procure any type of non-pathogenic 
culture which it does not hold itself In time, it is 
hoped that the collection will become comprehensive 
and gaps are being filled by obtaining cultures from 
other laboratories in this country and abroad Par¬ 
ticular emphasis will be given to assay organisms 

Cultures held by the Collection will be included 
in the Umted Kingdom List of Species to be published 
in 1951 

BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 

Low alloy steel standards for spo ct rogr a p h e and photometric 
analysis — Eight^tandards representative of* the low 
alloy steel range are bow available for routine and 
research spectrographic analysis The increased use 
of spectrographic analysis during and since the 1939- 
45 war led, through its sub-committee on Spectro¬ 
graphic Analysis, the Methods of Analysis com¬ 
mittee of the BI S R A to put the provision of 
standards high on its p ro gra mme Work on the 
subject began late in 1946, and recommended com¬ 
positions for tWo senes of low alloy steels and residuals 
were drawn up The manufacture, physical prepara¬ 
tion and preliminary analyses of the low alloy senes 
have been undertaken under the supervision of the 
Bureau of Analysed Samples Ltd 


The eight standards are available in the form of 
05m (13 cm) dtam rod, and are intended to cover 
a range of up to 5 per cent cl the more usual alloying 
elements in steel, the iron content of each standard 
being 94 5 per cent approximately Analytical stan¬ 
dardization has been earned out on behalf of the 
Methods of Analysis committee by twelve cooperating 
chemists m industrial, Government and research 
laboratories including the Bureau The percentage 
chemical analyses are as follows, tabulated in ascend¬ 
ing order of each constituent 

Stbeon o 01 0x3 o*i 3 otft osq 037 o6c 081 

MADftsneae uoj 017 036 033 070 111 101 14a 

Nickel 003 o 10 036 084 a 08 i (a 410 513 

(hnxnjuxn 004 u 20 033 033 op6 17a 034 307 

Molybdenum 001 019 03a 043 034 OM 1 14 E 

Vanadium 003 01a oaa 096 096 046 05a 063 

Copper o 00 011 on 018 003 044 031 030 

The steels are also available in the form of fine 
turnings as standards for photometric methods of 
analysis (as an alternative to standardization by 
means of pure metals) The turnings for photometric 
standardization are supplied in a senes of eight 
bottles, each containing either 100, 30 or 254m 

BRITISH INTERNAL COMBUSTION ENGINE 
RESEARCH ASSOCIATION 

At the Annual General Meeting held on aB June 
the Rt Hon the Viscount Falmouth, m 1 mech e , 
comp 1 B e , was re-elected President of the Associa¬ 
tion for 1950-51 

Lieutenant-General Sir Frederick G Wrobero, 
kbe, cb, DrS F Dorey, c b e , f r s , Air Com¬ 
modore F R Banes, c b , obe, Sir Lynden 
Macabky, Xbe,kc and Major-General Clayton, 
c b , c b e , were re-elected Vice-Presidents The 
Engmeer-m-Ghief of the Fleet, Vice-Admiral (E) the 
Hon D C Maxwell, cb, cbe, was also elected 
a Vice-President 

J Jones, m x mech b. was re-elected Chairman of 
Council 

COMINO EVENTS 

International Congress of History of Science, Amsterdam, 
14-21 August 

18th International Congress of Physiology, Zoofyaiologuk 
Labors t or mm, Copenhagen, 15-18 August 
5th International Congress of Microbiology, Rio de 
Janeiro, 17-04 August ^ 

Annual Meeting of British Association fir Advancement qf 
Science , Birmingham, 30 August-6 September 
International Mathematical Congress, Cambridge, Man, 
30 August-6 September 

International Congress qf Cell Biology, New Haven, 
Conn, 4-8 September 
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New Books 


Techniques in Experimental Electronics 

C H BACHMAN 

{va+ayipp, 41 ms, 8\m by jJ a) 

New Yor^ . John Wiley and Sow, Inc, 1948 $3 30 

London Chapman and Hall Ltd, 1948 a8t net 

In the title of this book the word * Electronics ' 
has a meaning agreed by the American Standards 
<Wriatirm ac * That branch of science and 
technology which relates to the conduction of 
electricity through gases and in vacuo ’ I he reader 
should therefore not expect to find in this book any 
treatment of electronic circuit techniques , but he 
will find a wealth of information on vacuum 
technique for both glass and metal systems, 
mechamoA and diffusion pumps, methods of 
handling gases in low pressure systems and electrode 
and thermionic cathode construction, to mention 
only a few of the varied techniques described 

The weakest section of this book is that dealing 
with the techniques associated with low pressure 
gas discharge work Tor example, there is very 
meagre information on methods of purifying gases 
and on the important problem of 1 clean-up * 
There is a somewhat brief but useful section on the 
latest methods of leak detection and a very good 
account of modem techniques of evaporation and 
sputtering of metals 

The reviewer was somewhat disturbed by the use, 
even under quotation marks, of the word 4 bombard * 
to describe die induction or ‘ eddy current * heating 
of metals in vacuum apparatus 

Thu bode can be recommended to anyone 
embarking on a programme of research in which 
he requires up to date information on vacuum tube 
technique including the techniques associated with 
beams of charged particles It goes considerably 
further than the usual small boob on vacuum work 

J Sayers 

Radio-Frequency Heating 

L HARTSHORN 

(*37 M 13 tables, 8 b tn by jJ w) 

London George Alien and Unwin Ltd, 1949 au net 

Industrial High Frequency Electric Power 

1 MAY 

(**+355 PP> *1 « b 5i «) 

London Chapman and Hall Ltd, 1949 3a/ net 

Thru, the first two hpob published lq th» country 
on the subject of dielectric heating, am fortunately 


complementary rather than similar Dr Hartshorn 
deals mainly with aspects of interest to the user, 
rather than 1 detail required by the manufacturer 
of equipment 1 Mr May cm the other hand presents 
an omnibus volume , 50 pp of elementary AC circuit 
theory lead to 110 pp of design of HF alternators 
and valve oscillators, while the subject of high fre¬ 
quency heating oceupus only one third of the book 
There is a substantial chapter on HF measurements, 
whereas Dr Hartshorn refers Bor this aspect to his 
existing work on the subject Gotnprewon is the 
price of comprehensiveness, and Mr May devotes to 
induction and dielectric heating the same space as 
Dr Hartshorn does to each separately The dispro¬ 
portion is marked in the second subject, which 
Mr May dismisses m 94 pages It may be doubted 
whether so wide a range is really advisable, unless 
in a textbook primarily for student use 

Dr Hartshorn, after a bnef chapter on valve 
oscillators, divides his book into four roughly equal 
sections on induction heating and dielectric heating, 
each subdivided (unlike Mr May’s work) into 
4 Principles * and 4 Applications * In particular, the 
section on applications of dielectric heating (50 pp) 
is a valuable account of methods probably less 
familiar to engineers than the longer established 
methods of induction heating 

The laboratory worker, already knowing the 
elementary theory and interested mainly in methods, 
will probably prefer Dr Hartshorn's account The 
student acquiring a general knowledge of the subject 
from scratch will perhaps prefer the indunvenesi of 
the other The designer of equipment and the worb 
engineer will be well advised to acquire both, despite 
the inevitable overlap 

Some omissions in cither book arise from their 
differing plans Thus Dr Hartshorn, ignoring details 
of design, says almost nothing on the practically 
important subject of screening, while Mr May deals 
only cursorily with the whole subject of energy losses 
in dielectrics There are however a few notable 
omissions from both boob Little a said concerning 
suitable insulation for the difficult conditions m 
apparatus where frequency, voltage and temperature 
are all high 4 Breakdown ’ does not appear in either 
index, and although * Electric strength 1 appears in 
Mr May’s, 4 field strength ’ is actually meant. The 
question of thermal stability, which determines 
whether a dielectric will or will not ultimately reach 
a stable t empera ture in a given dectnc field, is not 
mentioned, neither is the possible use of 4 femte * 
materials for flux concentration winch was demon¬ 
strated about three yean ago, 
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The reviewer has detected no errors of consequence 
Dr Hartshorn (p 33) takes the conductivity of tap 
water in ohm cm to be in microhm cm* so that his 
pe n etration depths for water shradri be multiplied 
by 1*000 Mr May gives formulae for the inductance 
of various conductor arrangements* without a warn¬ 
ing that some of these are correct at low frequencies 
only Hu Tablt 3 lists 1 Phenol * (carbolic acid) 
where 1 Phenol-formaldehyde ream ’ u intended Hu 
printer*! happy invention of 1 electron-motive-force ' 
(p 1) suggests admirable foresight by^ the originator 
of the term EMF 

C G Garton 

Technology of Plastics 

B L DAVTtS 

{xt+4*i pp, io6tlius, 8^ %* by hi) 

London Sir Isaac Pitman and Sons, Ltd, 1949 37* 64 net 

According to the prefree 'this book u intended 
for the use of students in technical colleges and others 
desiring a broad knowledge of plastic materials * 
With such a purpose in view, the subject has been 
dealt with in a general way under the main headings 
of thermoplastics, thermosetting resins, other plastics 
and other aspects of manufacture 

In writing the work, knowledge of manufacture, 
structure and practical design including chemical, 
physical and engineering aspects has been required, 
and it is becoming increasingly difficult for a single 
author to survey accurately such a field The manu¬ 
script had been read by several colleagues and this 
has undoubtedly strengthened the technological 
sections, which arc well described, but the polymer 
chemistry, which has been included with each erf the 
individual plastics, has been insufficiently checked 
For example when dealing with cellulose the con¬ 
sideration given to Fischer's obsolete formula is not 
justified, whilst there is no mention of the Haworth 
school for their development erf the modem ghtco- 
pyrmnose formula Representation of the linking of 
glucose residues to form the cellulose chain needs 
revising, since It ignores cellohiose, which u the inter¬ 
mediate structural un&j In the paragraph on acetate 
moulding powder there is no justification for the 
comparison of the viscosity of the acetate employed 
with that used for rayon, or for the reference to the 
influence of wconty on the cost of the powder The 
paragraph on p 82 on the connection between 
solubdity and degree of etherification of cellulose is 
very loosely phrased, and on p 193 it u stated that 
polyethylene u 1 believed to have a simple mole¬ 
cular structure of straight chains 1 of GH a radicals, 
whereas existence of branches has been 
ertabluhefl 


In view of die space devoted to bitumens, pitches 
and rubbers, which are not usually co n sid er ed to be 
plastics, the absence of a chapter on pla sti cis er s is 
noteworthy Hie book would also benefit by a 
chapter comparing and contrasting the individual 
types of plastics, and there are not even any tables 
of properties 

The printing n good and the style used gives easy 
readability The descriptions of technological pro¬ 
cesses are an* ted by the many diagrams and plant 
illustrations 

There 11 nothing original in this addition to the 
general literature on plastics, and its price is likely 
to discourage students However, it is a useftil 
summary and is recommended for those outside the 
polymer and plastics field requiring an overall picture 
of the industry 

C Diamond 


Atoms in Action 

O R HARRISON 

0 x+4iopp , tlUts, 8 \t* by 5$») 

London George Allen and Unwm Ltd, 1949 iai 6d net 

This book deals in a most imaginative and 
stimulating way with the impact of physics upon 
society, and coven a great deal of ground Hie 
author u a physicist and teacher, and his special 
field is spectrum photometry and spectrum analyau 
It 11 not surprising therefore that one of the best 
chapters in the book duemoes a territory of which 
the author has first hand knowledge, the chapter 
entitled * Eyes that see through atoms v 

Not the least attractive feature of the book is the 
dear and penonal style, and the frequent ph rases of 
quiet humour C onsi d e r merely the following 
statement on p 995 ' If cows did not like mustard 

there would be no motion picture industry * The 
Brains Trust might like to ponder a bit over this and 
a few other truisms which the book contains 

It must be said, however, that the chapter 1 When 
phyucs goes forming * u not quite so well balanced 
as some of the others The author seems to think 
that the mam problems of forming* apart from soil 
fertility, are problems of physics since they involve 
investigations of temperature control, light intensity, 
soil mechanics #fc That phyucs can hdp agriculture 
is true—principally perhaps by providing biologists 
with new tools with which to solve problems Any 
agricultural crop is an experiment in. large scale 
plant phyuology and we do not gam anything by 
even a fruit sugge sti on that phyncs can do much 
more than provide new techniques 
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Then it a story on p 33 about a rancher who 
ured a high power mcandcreent lamp suspended 
above a tray filled with kerosene covered water m 
the centre of a sixty actfe field, and by this meant 
not only captured twenty gallons of insects in the 
first four nights of operation but alto claimed that 
the light protected his beans, corn and tomatoes, 
and entirely eliminated the need for sprays and 
poisons. I think that if the author had consulted a 
few first class entomologists he would have omitted 
this story Personally I do not believe it lam also 
quite aghast at the statement on p 35 1 The 

physicist is able to aid the plant phynologist and the 
geneticist in the rapid development of new species * 

The customary spelling used m the United States 
has been preserved in the text, though not in the 
index May we in future have one or the other, 
please 7 Nevertheless, apart from these minor points, 
this is a good book and should be read by all who 
believe that a knowledge of science is a part of our 
cultural heritage 

S G Harland 

Supersonic Flow and Shock Waves 

R COURAMT and K O FRIEDRICHS 

{xot -f* 464 PPt dtoj 9 tn by 6 in) 

New York Intersaence Publishers Inc 1948 $700 

London Intersaence Publishers Ltd, 1948 501 

Phenomena involving the propagation of violent 
disturbances have in recent yean attained consider¬ 
able prominence in engineering physics Detonation 
waves and blast waves are of this land, similar 
phenomena occur in connection with the propagation 
of a shock in an elastic-plastic medium and also in 
hydraulics, but the subject has achieved its greatest 
measure of publicity in connection with the problems 
of transonic and supersonic flight tor such dis¬ 
turbances the cl in ic al linear theory of wave propa¬ 
gation may cease to be a good approximation, and a 
non-linear theory supervenes This theory forms the 
subject of the book under review Its authors are 
interested primarily in the general mathematical and 
physical features of the theory and ui the form under 
which these appear in the various fields mentioned 
above Thus the book is concerned throughout with 
the fundamentals of shock waves rather than with 
detailed ajsplicatxons to technical examples A clear 
distinction is drawn between basic physical assump¬ 
tions and mathematical deductions 

The book ope ns with two chapters on the funda¬ 
mental properties of the physical medium, with 
particular reference to fluids, and on the mathematical 
theory of hyperbolic partial differential equations 
mdudmg the theory of characteristics Paoblems of 


one dimensional flow, of plane flow, and of flow in 
three dimensions, are then dealt with in tuccesnon. 
There is a separate chapter on flow in nocsles and 
jets The relative sues of the spaces allotted In a book 
of this kind to the various subjects naturally depends 
on the personal interests of the authors, but it appears 
to the reviewer that a more detailed discussion of 
wave propagation in an elastic-plastic medium would 
have been appropriate The space allocated to the 
theory of detonation waves is disproportionate by 
comparison On a point of detail, the terminology 
regarding conditions of energy transfer in the theory 
of compressible fluids is not as yet standardised, 
and it is doubtful whether the use of the words 
* isentropic ’ and * adiabatic ’ suggested by the 
authors (p 5) will find general acceptance At any 
rate the reader should note the particular defini¬ 
tions adopted 

The book is excellently written and can be highly 
recommended not only to the theoretical research 
worker but also to the development scientist who 
wishes to acquire a detailed knowledge of a subject 
which is becoming increasingly important for modem 
engineering 

A Robinson 

La Biologic des Sols 

j dugh* 

(tripp, illus, 7 « by t*) 

Pans Proses Umvcrsitairei de France, 1950 c hr 90 00 

This book is divided into three main sections the 
first deals with the organisms that live in the soil, 
the second with their interactions, and the third 
with the biological evolution of soils The matter 
is very much condensed in an effort to force it into 
the scope of 125 pages, but it is dearly presented, 
and there are only minor inaccuracies 

It is inevitable that some subjects should have 
suffered more than others from lack of space, and 
in general the micro-flora and fauna are given 
p refer ential treatment, while earthworms and insects, 
are dismissed in less than three pages Having 
enumerated the groups of organisms that are to be 
found in soil the author goes on to discuss their 
beha viour He first considers the interactions and 
asoaations of the different groups with each other, 
then their effect on the physical structure of the sod, 
and on its mineral and organic constituents 

The figures given are for the most part poor, and 
the book suffers frpm the lack of references to original 
sources, the bsbbography contains only sot entnet, 
and, apart from a list of chapters, there is no index. 

L. M. Gaum 
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Analytical Chemistry and Chemical 
Analysis, 1948 

Proceedings of the Interns hr n«J Congress on 
Analytics! Chemistry, Utrecht, 1948 

(X+417S54PP, tilut, glut by 6itn) 
Amsterdam and New York Flsevier Publnhing Co Inc , 
«949 %3 5 ° 

London Cleaver-Hume Pres* Ltd, 1949 97 s 6 d 

Fret to tubteriben to Amhtum Obma Ad* 

Thu book u a reprint of an issue of Analyhsa Chtmtca 
Acta Vol 9 (1948) devoted to the International 
Congress on Analytical Chemistry organized under 
the auspices of the Netherlands Chemical Society 
and held at Utrecht on 1-3 June 1948 

A short preface introduce* the number and 
includes the names of the organizing committee and 
some facts about the inerting Then follows the 
report of the opening session giving the address by 
the President of the Congress, C J van Nieuwen- 
burc (Delft) on 1 Analytical chemistry and chemical 
analysis, now and in the near future * and an address 
by G Chariot (Paris) on 4 La idle actuel de 
Pingdmeur-analyste * 

The bulk of the book consists of the proceedings 
ot four of the five sections into which the Congress 
was divided, namely general methods and 
standardization (11 papers), electrical methods (11), 
optical measurements and physical methods of 
separation (13), and microbiological methods and 
detection of traces (10) The paper* on emission 
spcUrography have been published separately in 
Spectrochirmca Acta The volume concludes with the 
address by P h Wenuer (Geneva) at the final 
session summarizing the *ork of the Congress 

The activities of the different sections cover a 
wide field of analytical chemistry and the lectures 
and papers range in scope from general surveys of 
modern developments, for example, in polarographic 
analysis (J Heyrovsxy, Prague) and chromato¬ 
graphy (1 I Williams, London) to accounts of 
original work qu specialized procedures such as the 
uk of Aspcrgdluflttger for the determination of plant 
nutrients in the sod (r C Gxrrbtben, Groningen) 
In general, emphasis is placed on physicochemical 
and physical techniques which, in modern analysis, 
are rapidly replacing or supplementing classical 
methods based on gravimetric and volumetric 
procedures 

About three quarters of the total number of papers 
are in Engltth including a large contribution from 
Dutch chemists and physicists The remainder are 
in French, from French and Belgian contributors 
Short summaries in English, French and German 
are include# in many of the papers and notes of any 
subsequent discussion arc appended 


The reprint is bound in a stiff paper cover and 
provides in convenient form a valuable record of the 
activities of the meeting 

P J Hardwick 

Monqmcrs, I 

Edited by j a blout, w p hohbnbtein and h mark 
(wii-f 340pp, piw by 5 Jw) 

New York Interscience Publishers Inc, 1949 $7 50 

London In termerce Publishers Ltd, 1949 Goi 
This book consists of a senes of monographs on 
various subitances used in preparing polymers of 
industrial significance I he scope of thin first issue 
is mdic a ted by the following headings Acrylonitrile 
(I Waitcher,37 pp),Butadiene (S Polstein, 4*jpp), 
Isobutylene (P Spitnuc, 39 pp), Isoprene (P Spitnuc, 
37 pp), Methyl methacrylate (R S Corley, 3b pp), 
Styrene (S P01 stein, 63 pp), Vinyl acetate (P t ram, 
55 pp), Vinyl chloride (H Shalti, 39 pp) The con¬ 
tributions arc bound in a loose leaf cover, the intention 
being to add other sections from time to time 

Each compound ts dealt with under the common 
headings of introduction, production, purification and 
analysis, rare and handling, physical properties, 
chemical reactions, polymerization and bibliography 
Apparently the intention has not been to produce a 
comprehensive dossier but to present new information 
and data likely to be of interest to those dealing Math 
polymerization Nevertheless, references to early 
work e q TiiuenS on isoprene in 1897, are by no 
means excluded As would be expected, there is some 
unevt nness of presentation but all the monographs 
have value Tor ascertaining rapidly a particular 
properly of a monomer, or in finding a reference to 
a preparative method, the book is excellent It is 
doubtful however, whether it can be used so satis¬ 
factorily as a detailed source ol information on 
laboratory methods At times, as for instance on p 4 
of Isobutylene, descriptions of processes are obscure 
and the investigator will need to consult the original 
literature Furthermore, the proof reading, par¬ 
ticularly of chemical formulae, is not satufactory 
Such statements, also, as that on p 29 ofVinyl chloride, 
that a copolymer of vinyl chlonde and vinyl acetate 
4 has high dielectric properties and, unlike polyvinyl 
chloride, U can be plasticized are surprising m a 
work of this type 

The idea behind the compilation is good 10 long 
as it does not lead to neglect of original papers The 
book provides a convenient source of data not readily 
available and includes a senes of bibliographies 
having obvious interest Used cnticaliy, it will be 
of value to many investigators in the polymer field 

N J L Mkoson 
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An Introduction to Molecular Spectra 

■ a JOHNION 

(xw+3tapp, i&tihu, 6i m by 5! or) 

London Methuen and Go Ltd, 1949 401 net 

This book is written for graduates or students 
neanng graduation and gives a comprehensive 
account of molecular spectra About two thirds of 
the volume 9 devoted to diatomic molecules , the 
remainder to polyatomic molecules, infra-red and 
Raman spectra, and to applications to astrophysics, 
chemistry, biology etc The emphasis u on the 
practical interpretation of spectra rather than on 
the pure theory of molecular structure No knowledge 
of wave mechanics or group theory is assumed, 
although their result* are occasionally used 

The book is well proportioned and although a 
very large amount of material 11 quite fully discussed 
the author has succeeded in presenting it clearly 
and avoiding giving any imprcsnon of overcrowding 
The volume is not unfortunately entirely free from 
errors , eg pp 25-26 there is a nasty confusion 
between il-doubling and spin splitting in % S states , 
on p 22 there are some queer ideas on the fluorescence 
of oxygen The part on diatomic spectra appears to 
be about ten years out of date , this is less serious 
than it sounds as the theory has advanced little m 
this time, but many examples are out-dated and 
some numerical results are now known to be in 
error The part on polyatomic mol ecu lea appears 
to be more recent, but is still hardly ‘ hot news * 

In many sections the treatment is more complete 
and better than in other books on molecular spectra 
The discussions on the vibrational structure of 
diatomic band systems, on rotational intensity 
factors, and on the determination of effective 
rotational temperatures are particularly good On 
the whole the book is to be heartily welcomed, and 
it is to be hoped that a revised and up to date second 
edition will soon be called for 

A G Gaydon 

The Coming Age of Wood 

a olbunokh 

(*p + 279 PP* h 5 i w ) 

London Martin Seeker and Warburg Ltd in association 
with Sigma Books Ltd, 1950 tar 64 net 

In a foreword by Sir John (now Lord) Boyd Ora 
this book is stated to have been written, not for a 
few specialists but for the general public, in order 
to show the contribution which modern technology 
applied tQ forest products can make, both to industrial 
prosperity and to the increase of the world's real 
wealth The author a, at present, head df^the forest 


products branch of the Food and Agriculture Or¬ 
ganization of the United Nations, but the views 
expressed in the book are personal and not an 
expression of the views and policies of F A O By 
training Dr Gleunoer is not a wood technologist 
but an economist with a wood background He deals 
but lightly with the technical aspects of the many 
processes to which he alludes 

The book is composed of three parts, in the first 
of which the theme is developed that wood will 
become * the characteristic raw material of our 
civilization 1 The familiar story of the dire results 
of uncontrolled exploitation of certain of the world’s 
forests is unfolded and policies of conservation and 
integrated utilization are advocated Ihis section 
includes a summary of the author’s views about the 
importance of wood in world politics taken from his 
earlier book Nazis in the Woodpile Part II of The 
Coming Age of Wood is devoted to a senes of highly 
simplified coloured diagram prepared for the author 
by H Billings to illustrate various phases of wood 
utilization 

In Part III the author passes from the political 
to the technical and under such chapter headings 
as Cellulose, the Noble Molecule 1 Lignin, the 
Enigmatic Key to Wood Chemistry and * Wood 
Alloy* ', gives a highly popularized account of such 
subjects as wood hydrolysis, pulp and paper manu¬ 
facture, lignoccllulose plastics, fibre boards, improved 
wood and wood distillation Hus is done m order 
to show that wood chemistry has an important part 
to play in securing complete and integrated utilization 
of wood lhis section of the book reveals that a 
knowledge of chemistry is, unfortunately, not in¬ 
cluded among Dr Gleiinger’s accomplishments 

Nevertheless there is cause for careful husbandry of 
the world’s forest resources and a very strong case 
for finding the best ways of using them The author 
has had opportunity far surpassing that of others for 
assimilating the facts relating to forestry and forest 
produrti The general reader may well wonder, 
however, whether the true interpretation of these 
facts is as simple as the author suggests 

W G Campbell 

Books to Come 

The Littoral Fauna of Great Britain, Second edition 
n b kales ($04PPf * 5 *U**t Btn by s\tn) Cam¬ 
bridge University Frev 20 s net 
New Atoms o hahn New York Elsevier Publishing 
Co Inc 

Funktionentheone (2 vob) a qarathAodory (each 
c 220 PP, c 90 illus) Basel Vcrlag Birkhduser 
c S FV 30 00 each 
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Some Kinematic Properties of Munroe Jets 

W M EVANS, M Sc, Ph D. and A R UBBELOHDE, M A, D Sc. 

In the tarty stays of tht investigation only comparatively stmplt experimental moans wort 
available for determining the energy characteristics of Munroe jets Development qf the physical 
concepts described elsewhere* gave rise to certain test procedures for determining effectiveness <f 

explosives 


BM1KOY or MOlUOl JETS 
Measurements qf crater volumes after various distances of 
travel — Observations were made on the craters as the 
charge was moved away from the target Increased 
distance caused the depth of the crater to alter, 
owing to changes in the jet as it travelled through 
space (see Figures 2, j and 6 in reference *) Detailed 
analysis of these changes of depth of 1 penetration * 
was not pooible until considerable theoretical work 
had been done, and will not be di«m—ed here The 
volume of the crater also changed with increasing 
stand-off (Figure /) At some distance from the base 
of the charge there was a catastrophic break-up or 
• spattering * of the jet, the effect of which led to 
irregular craters (Figure s) and was very strongly 
reminiscent of the break-up of a jet of water at some 
distance from the nozzle of a hosepipe Experiments 
showed that if the metal linings were shaped with 
carefiil attention to rotational symmetry, the dis¬ 
tance the jet would travel before spattering was 
much greater than if deliberate asymmetries were 
introduced 

Measurements qf jet velocities —Whereas crater 
volumes gave an indirect measure of the total 
energy of the jets, measurements of jet velocity gave 
only the instant of armal of the head of the jet at 
various points m space From the fragment evidence 
and other considerations it seemed likely that there 
would be a velocity gradient along most Munroe 
jets, so that they would extend m length as they 
travelled forward 

Measurements on jet velocities were first made by 
timing the instants of closure of gaps in electrical 
circuits effected by the head of the jet as it travelled 
forwards No evidence of any acceleration of the 
head of the jet could be observed within a distance 
of two chaige diameters from the base of the hollow 
For the shallow hollows comparative figures are 
given in Table I 

The nuuttve jets moved more slowly, as might be 
expected on dynamic grounds At any distance from 
the base of the chaige the data fit the equation 
MV* — constant 

where M » the mean mass of the hung and V 

* Evani, W SC tad Usauni, A R M 5 (‘S9o) SS> 


the mean velocity of foe head of foe jet The de¬ 
celerations of foe various jets, fit approximately a 
formula of the usual type 

dV/dt - kV* 
typical values being 

Unlined hollow dV/dt ■ 8 4 P • 
for detonation gases only and 

Steel lining dV/dt - 0 08 S V* 

For the tin lming this simple relationship was not 
found to hold To a rough approximation the de¬ 
celerations were found to be between one fifth and 
one seventh of the corresponding values for jets of 
the same velocities from unlmcd hollows 
^The very rapid decelerations observed for foe un¬ 
lined hollow charges explains their poor effects when 
placed some distance from the target This effect 


Oatance of end of charge from feat Stock 



tkeionco et on* of charge from tee* Hoc* 

Figures Axial demo tin g qfecte is lead blocks of 
aim chergu «d, at meatmei ty 
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Pigon a App$aro*c* qf stul target dm to 1 spatter ' or * splash * qfjits t So° 
stA com burnt (ty h trvmW), thuhuss oorrb, statd-qff j-jD, b So 9 codmaon 
com lvwi£ t thickness o 044V, sUmd-qff 6 36 


where p it the momentum of 
the projectile and t is a 
constant depending on the 
taiget material. 

From a logarithmic plot 
(Ftguro 5) of the entry dia¬ 
meter against i die depth of 
penetration for jets from shal¬ 
low spherical cap hollows, it 
was found that for steel luungs 
of varying thicknesses and for 
thin copper linings the results 
could be expres s e d by a angle 
formula, even near to the 
charge, namely 

D % % * d constant 

On the other hand all the 


may be attributed to the very low densities of jets 
formed merely from the gaseous products of detona¬ 
tion of the explosive, compared with the densities of 
jets formed from hollows lined with metal 

Measurement qf jot energies by target ealonmetsy — By 
usiog a steel target as its own calorimeter, and specially 
protecting die thermocouples, it was possible to 
measure die total heat evolved by impact of a jet 
on the target leading to crater formation Experi¬ 
ments were limited in number but they showed that 
as much as 10 per cent of the total heat of detonation 
of the explosive charge might be liberated in the 
target due to jet action 


LAWS OF FSMSTRATION AMD OF ICAL1NO 


If d u the depth of penetration and D % the calibre 
of the prqjectile in inches, then for a shell penetrating 
armour {date the relationship is of the well known 


form 


*mcE 


where E a die kinetic energy of the projectile, and 
a is an exponent lying between x 6 and a , c u a 
constant depending on the type of armour plate 
For fragments from a fragment gun the penetration 
is a function of the momentum per unit area 1 # 
D.U-tp 


TabU l Velocities qf Venous Mmnojets (Shallow HoOotos) 
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points for the metals of low boiling point could be 
expreoed by a single equation 

DJ ■■ constant 

These formulae break down very near the charge 
where jet formation is not complete, and for out where 
there n a falling off in penetration due to the effect 
of air resistance on the jet 

The fact that general empirical formulae are found 
is of considerable interest, and probably th^t 

a constant dynamic quantity was imparted to the 
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metal The velocity measurements on the jeti indicate 
that this constant quantity 10 kinetic energy 

Charges scaled linearly obeyed the same empirical 
formulae when lengths were expressed in units of 
charge diameter. 

Jets from the deeper lined hollowi such as hemi¬ 
spheres and cones gave remits which could not be 
fitted to the same empirical equations, indicating the 
pooibihty of a different mechanism of jet production 
and of target penetration 

EXPERIMENTAL DETAILS AND RESULTS 

Jet velocities — For the detection of the passage of the 
head of the jet with time, gaps were formed by fine 
strips of metal about 1 mm apart and placed at 
intervals of from 1 to a in (a 5 to 5 o cm) m the 
direction of travel of the jet The closures were 
recorded on an Argon lamp chronograph reading to 
1 microsecond From the space/tunc plots the 
•pace/velocity curves could be constructed 

Target calonmetp —This involved setting up steel 
targets on strong supports with small areas of contact, 
■o as to minimize loss of heat by conduction A 
thermocouple was inserted axially upwards from die 
bottom of the target, to a depth determined by 
previous experiments, so that the disturbance of the 
target metal at the bottom of the crater, when this 
was formed by the jet, just felled to break the couple 
It was important to have the couple as near to the 
crater as ponble to secure temperature/time curves 
which required the minimum extrapolation After 
the shot had been fired, the temperature first rose 


to a peak, then the tempera ture/time curve flattened 
as the heat was re-distributed \n die steel, and finally 
it fell uniformly due to heat losses from the steel to 
the ambient air Rather rough methods of approxi¬ 
mation had to be used to allow for these looes, but 
as the rise of temperature was around 15C 0 the 
order of magnitude of the heat liberated m die target 
could be estimated with fair accuracy 

Penetration laws — Simple calibration methods were 
used to measure the depth and entry diameter of the 
craters formed for various distances between the 
charges and the target 

In studying the effect of charge dimensions it was 
assume d that the unit of length was the diameter 
of the explosive filling So for as supplies of metal 
tubing and metal linings permitted, all the other 
dimensions were increased pro rata to the diameter 
of the explosive charge Theoretically it need not 
follow, for explosive phenomena, that all the dimen¬ 
sions scale linearly, but so far as the penetration data 
over the range of diameters 1 to 1 j to 2 in (a 5 to 
5 o cm) were concerned linear scaling of results was 
observed within the experimental error 

Acknowledgements are due to the late Sir Robert Robertson, 
1C B h , F R S ,for his interest and encouragement through¬ 
out the course qf these investigations and to the Chtqf 
Scientist qf the Ministry qf Supply for permission to publish 
this account of them T u e photographs art Crown copyright 
and are reproduced by permission qf the Controller H MS O 
Armaments Research Establishment 

Ministry of Supply (Rtttwtd May IQ50) 


A Mathematical Typewriter 

J R GREEN, D Phil, B E and G H HARRIS 

The difficulty of producing mathematical reports in typescript is frequently encountered It has 
been solved in one particular laboratory by constructing two typewriters of standard make as 
one interconnected umt Since the number qf symbols available is doubled\ such typewriters 
can be used not only for mathematical work but also for foreign language glossaries and 
dictionaries and for biological papers where italics are constantly used A description of the 
1 V mechanism ts given 


Early in the 1939-45 war, when the Aeronautical 
Research Laboratories, Department of Supply and 
Development, Melbourne, Australia, were estab¬ 
lished, the need to reproduce mathematical reports 
arose No special mathematical typewriters were 
available locally, while the import from U S A of a 
Van-Typer was sutyect to great nsk It was decided 
to use a modification of an available typewriter 

The > standard type of machine in use m the 
Laboratories had interchangeable keyboards so a 


spare keyboard specially fitted with Greek letters and 
mathematical symbols was adopted However, it 
involved typing a complete page on the normal 
keyboard, leaving spaces for mathematical symbols, 
then substituting the special keyboard m order to 
go over the page again to fill in the mathematics 
This was not only slow, but required careful judge¬ 
ment, concentration, and experience to produce a 
pleasing and balanced result Though for more than 


four yean all reports woe typed m this way, some 
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Figure 1 Front vuw oj the assembled typewriter 

improvement in apparatus was clearly needed It 
was finally decided to build a double typewriter to 
obviate the changing of the keyboard and doubling 
back over the work One desirable feature was the 
automatic setting of the carnage so that it would be 
in the correct position to type the next letter after 
transfer from one keyboard to the other It was clear 
that there were many mechanical solutions to this 
problem, but the one adopted was simple and sug¬ 
gested itself when the standard components were 
examin ed pnor to commencing construction The 
automatic indexing system for tabulating found in 
this make of typewriter provided the basis 

Our experience has been favourable enough to 
warrant others constructing a similar machine for 
typing mathematical or othc r reports needing more 
characters than those found on a standard typewriter, 
but which do not justify the expense associated with 
the great flexibility of operation of the Van-Typer 

DETAILS or CONSTRUCTION 

Two standard Impend typewriters arc used These 
have interchangeable keyboards, though this is not 
a necessary refinement The carcasses are bolted 
into an angle iron frame and adjusted at exactly the 
same height The centre distance is an exact number 
of letter spacings, the carcasses being about o 1 m 
(0 85 cm) apart Figure i shows the front view of 
the 

Keyboards —The left hand keyboard has Roman 
characters The right hand keyboard was specially 
fitted with mathematical symbols, Greek letters and 
small figures for subscripts The symbols are shown 
in Figure 5, the new arrangement was the result of 
much thought and trial, and provided the oppor¬ 
tunity to eliminate the difficulties found in the 
original mathematical keyboard The type was 
obtained from the makers of the typewriter and fitted 
fay die local agents to a standard keyboard The 
tabular keys and back spacers of the two typewriters 
are mechanically linked, the former by a torsion rod 
and die latter by levers These Kinks axe clearly seen 
in Figure a for the preparation of which* the carnage 
was removed* * 


Escapement mechanism —The plunger on the left 
hand machine u operated by an electromagnet 
which presses on the back of the escapement 
mechanism This can br tern in Figure a It operates 
on 10 v DC supplied by a rectifier The traversing 
motion of the carnage is controlled by the escape¬ 
ment mechanism of the left hand machine, the right 
hand* mechanism being removed as can be seen in 
Figure a An alteration was made to the plunger of 
the right hand machine to enable it to enter a small 
knife twitch It was found that a micros witch was 
unsuitable The rapid bouncing action of the keys 
did not give luffirient time of contact to operate the 
magnet 

Carnage — The original carriages were removed and 
a standard 26 in (66 cm) carnage was fastened to 
the left hand carcass , it just sits on the machined 
face* of the right hand carcass (see Figure a) As 
noted already, the machines are adjusted to exactly 
the same height rhe rubber roller was found to 
be unsuitable and was replaced by a cork roller 

Transfer mechanism — The margin adjuster was re¬ 
moved and replaced by a slider carrying locating 
fingers to pick up the index plates, the effective 
length of the slider being equal to the distance 
between the typewriters This is shown in Figure 4 

When the carnage is moved into the nght hand 
position the near side of the left hand finger on the 
slide comes up against a stop and the far side hnger 
on the right end of the slide engages with one of the 
index plates The reverie takes place on the left 
hand side 

The action of this slider and the stops fixed to the 
machine immediately below the tabulated setting 
mechanism (Figure f) is the same as that of two stops 
fixed to the frame on either side of the setting 
mechanism at a distance equal to the distance 
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between the two machines The provision of two 
fixed stops would have necessitated a modification 
of the end frames of the moving carnage to avoid 
fouling and one of the stops would have had to be 
overhung rather a long way from the carcasses of 
the typewnten to that it seemed simpler to use the 
internal stops and slider 

To move the carnage from one keyboard to the 
other the typist merely pulls down the control bar 
shown in Ftfun 1 and, holding the bar in the'' down ’ 
position, moves the carnage in the desired direction 
until it comes to rest against a stop as outlined 
above The carnage is now in the correct position 
to continue typing and the bar u restored to the 
* up * position The detailed sequence of events is 
as follows 


As the control bar is pulled towards the operator, 
a pin C forming an extension of the normal automatic 
tabulator setting bar is carried upwards by a pawl 
A thereby setting an index plate of the tabulating 
mechanism {Ftgun 5) The arcs of travel of the pin 
and pawl are adjusted in the design so that when 
the pm reaches the end of its normal travel the pawl 
slips out of engagement with it and the control bar 
11 free to continue its movement As the control bar 
11 pulled further down, an inclined fhee on its end 
lever engages a small roller attached to the lever 
which lifb the rack out of engagement with the 
pinion on the escapement mechanism The carnage 
may now be moved along until it is arrested by the 
appropriate stops The control bar is now restored 
to the * up' position During the first part of this 
upward motion the rack is 
lowered into engagement with 
the pinion, the pawl bong 
free to deflect so that the pm 
remains undisturbed m its 
uppermost position A pro¬ 
jection B now engages the pm 
so that completion of the up¬ 
ward movement of the control 
bar r es tor es the pin to its initial 
position and removes the index 
plate from the path of the 
fingers on the slider Typing 
can now pr o ce ed using the 
new keyboard 

Tahmiatmt It will be dear 
from the preceding descrip¬ 
tion that tabulation can be 
keyboard by 
moving the control bar frill 
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down to throw a itop and back half way The 
index plates are then not wiped out but remain at 
the tabulating position They can be cleared by 
moving the bar right up 


pulled over Thn stop is fixed and the paper must 
be correctly placed m the machine to give the right 
width of margin 

The line spacer had to be lengthened because of 
the extra length of the machine 



btgvre $ Tron^fer mechanism details left, end new, ^ngki, rear view 


Miscellaneous — As the margin stop was removed to 
fit the transfer slider, another ntop had to be attached, 
as shown in Figure 4, to be engaged by the line 
spacer A projection on the end of a torsion rod is 
turned to engage thu stop when the line spacer is 


track so that it could slide to one side or the other 
and be in front of the keyboard in use 


Aeronautical Research Laboratories 
Department qf Supply Development 

Melbourne , Australia , 

(Received April 1950) 
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Effect of Temperature on Lateral Spacing of 
Fatty Acid Monolayers on Metals-an Electron 
Diffraction Study by Transmission 

Several workers have investigated the effect of 
temperature on the structure of thin films of long 
i»iww wwipny ydf on metal surfaces using the 

electron diffraction reflection method 

Since this method u not suitable for determining 
changes in the lateral spacing of the hydrocarbon 
chains a technique for examining films fay trans- 
nuwon has been developed. The specimen, mounted 
onadxsk«f boo mesh/inch (79 mesh/cm) silver game. 
Is damped firmly between two cyhnfrical silver 
blocks which cons titu te the specimen hotyer The 


electron beam passes through an axial hole in the 
blocks The specimen is heated by pawing a current 
through a heating coil surrounding the holder A 
thermocouple consisting of fine platinum and silver 
wires u attached to the specimen holder and ss 
calibrated by observing the melting of small crystals 
of organic compounds of known melting point 
deposited on the gause 

The temperatures recorded by the thermocouple 
r epres en t the true te mp erature of the yeomen to 
within 5C 0 A falter description of the holder is 
given elsewhere 1 

Some preliminary experim en ts have been carried 
out with fatty mods deposited on cadmium A piece 
of cadmium foil 1 5 cm x 1 5 cm X oooflem was 


degreased and a layer of the fatty add deposited by 
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the rubbing technique described elsewhere* Exami¬ 
nation oi thu layer by reflection confirmed that a 
well oriented film had been prepared The foil was 
then floated with the fit tty acid layer uppermost on 
a n/i ammonium nitrate solution which rapidly 
attacked the underside of the foil When judged 
sufficiently thin it was removed on a silver gauze and 
transferred to a water surface for washing A suitable 
piece of the foil was picked up on a specimen grid 
and placed m a desiccator to dry 

Examination in the camera revealed a pattern 
comprising nngi from cadmium, cadmium oxide and 
hydroxide together with a rather diffuse halo of 
spacing about 4 1 A from the acid layer Experiments 
were made with steanr (C M H M COOH), m pt 69°C, 
and octmcosanoic acid (C ir Ht»CGOH), m pt 9o°C 

Ihe simplest hypothesis to explain the appearance 
of the pattern is that, at room temperature, the layer 
consists of small aggregates of molecules with the 
hydrocarbon chains approximately normal to the 
surface, the planes of the chains being randomly 
distributed in azimuth The closest parking of the 
chains in such a system would be such that there is 
a chain at each point of a hexagonal lattice If the 
diffuse halo arises from the (110) spacing of this 
array then we can calculate* an area per chain 
equal to a*V3/ 9 * where a — ai/\/3 and d is the 
spacing of the (110) ring We find for octacosanoir 
acid a value of 18 4 ± o 4 A* and for stearic acid 
>90 ± O 4 A'i for the rubbed layers at room tem¬ 
perature Thu is somewhat less than the value of 
20 o A* given by Having* and de Waei 4 for Lang- 
muir-Blodgett layers of polar compounds, but 11 in 
dose agreement with the x-ray data for the acid in 
bulk 

Reflection experiments show that oriented layers 
of fatty acids on metals, when heated, become dis¬ 
oriented at a characteristic transition tempera¬ 
ture* *» • The transition temperature on reactive 
metals 11 near the bulk softening point of the 
metallic soap formed by reaction between the acid 
and substrate In the present experiments the surface 
film disorients at about 1 ao°C and therefore probably 
consists of the afgiropnate cadmium soap It is 
found that the Bragg spacing corresponding to the 
halo increases with te m per ature and at the tran¬ 
sition te mp er a ture is approximately 4 45 A Assum¬ 
ing that the hexagonal structure n still present 
although much more disordered on account of the 
thermal motion of the molecules, this cor r es ponds 
to an area per chain of a pprox im ately 23 A*. The 
spacing u dose to the value of 46A reported by 
Stewart and Moutow' for similar liquid hydro¬ 
carbon compounds Thus the mean distance between 
the molecules m the surface film after dnorcentation 


is not markedly different from that of the molecules 
in the bulk liquid 

J W Mxnter 

Rsstarch Laboratory on the Physics and 
Chemistry of Rubbing Solids 

Department of Physical Chemistry 
University of Cambridge 
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The Hydrogenase of Azotobaeter 

The discovery that the hydrogenase of Azotobaeter 
u an adaptive enzyme formed during the uptake of 
gaseous nitrogen, and not during the uptake of fixed 
nitrogen even in the presence of gaseous hydrogen, 
has indicated a close relationship between the hydro¬ 
genase and nitrogenase: systems of Azotobaeter 1 
This indication is supported by the competitive in¬ 
hibition by hydrogen of nitrogen fixation by Azoto- 
bacter* Recent investigations on nitrogen fixation 
by anaerobic Clostridia and photobactena have 
given further evidence on the suggested relationship 
between die two enzyme systems The rate of nitro¬ 
gen fixation by Clostridium pasteunamum is unaffectrd 
by gaseous hydrogen, although the total nitrogen 
fixed is somewhat depressed* Hus difference between 
Azotobaeter and the Clostridia may be due to an 
adaptation of the latter to the hydrogen evolved in 
its own metabolism The bacterium Rhodosptnllwn 
ntbntm has been shown to be capable of fixing 
nitrogen under conditions that permit photo- 
production of hydrogen 4 * 1 The significant discovery 
was also made, that the photoproductioa of hydrogen 
by R ntbntm is inhibited by gaseous nitrogen on 
certain substrates* The possibility of a relationship 
between hydrogenase and nitrogenase led Lxndstrom, 
Burris and Wilson to test for nitrogenase activity 
certain organisms known to possess a hydrogenase 

Positive results were obtained in two cases* The 
great physiological differences between die various 
groups of nitrogen-fixing organisms suggest that tike 
relationships between the various hydrogenase and 
nitrogenase systems vary with the organism The 
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symbiotic nitrogen fixing system, in particular, has 
no concomitant hydrogenate activity* The charac¬ 
teristics of some hydrogenates have been studied 
The responses of the Azotobacter hydrogenate to 
inhibitors and variations in pH t * have been 
measured 7 » *, and show similarities to the hydro¬ 
genate of Proteus mdgans* Wilson and Burris have 
suggested a undying mechanism, involving hydro¬ 
genate, for nitrogen fixation in Azotobacter, postu¬ 
lating free radical reactions 1 * It was suggested that 
the free radicals could arise from a reversal of the 
hydrogenase reaction The reversibility of the hydro- 
genase was assumed, by analogy with that of P 
origans The reversibility of the Azotobacter enzyme 
has become of great interest following the report by 
Rjttenbero (footnote to ref 4) that resting suspen¬ 
sions of R ntbnm in the dark do not catalyse the 
exchange reaction between deuterium oxide and 
hydrogen, unlike the hydrogenase of P vulgans 

The reversibility of the ♦Azotobacter hydrogenase 
has been investigated here in connection with 
attempts to simulate nitrogen fixation ut intro It has 
been shown that the Azotobacter enzyme is rever¬ 
sible, thus bearing out the assumption of Wilson 
and Burris This result may point to a significant 
difference between the systems in Azotobacter and 
Rhodospinllum A previous attempt to prove the 
reversibility of Azotobacter hydrogenase was incon¬ 
clusive 11 The method adopted here was to enclose 
a deuterium-oxygen atmosphere over a suspension of 
incubated Azotobacter vmelandu in a mtrogen-free 
mannitol medium, and to analyse the residual gas 
for the presence of the light hydrogen isotope after 
suitable intervals Under these conditions, the 
Knallgas reaction can proceed in an effectively 
resting suspension Since only a qualitative result 
was required, a simpler apparatus was used than 
that ncreaary to study die Knallgas reaction under 
optimum conditions 3 x io l# cells from a pure cul¬ 
ture were freshly suspended in 20 ml of medium and 
placed m a 100 ml bulb, and after evacuation the 
flask was refilled with a mixture of 90 per cent 
deuterium and 10 per cent oxygen The bulb was 
incubated at 40°C and periodically shaken Samples 
were withdrawn at intervals and dned by passage 
through a spiral liquid air trap Deuterium samples 
were prepared by sparking the gas mixture at a low 
pressure in a glass chamber set between two liquid 
air traps The apparatus was kept free from grease 
to avoid any hydrogen production during sparking 
Deuterium analyses were m ade by means of a 
thermal conductivity gauge having an accuracy of 
one per cent in analysing deuterium-hydrogen 
mixtures. Three samples of the deutenumroxygen 
atmosphere were tested a before admfrnon to the 

• Hm sa, drnom Dm hydro.® prawn * 


bulb, b minutes after admission and c 60 hours 
after admission The analyses of the residual 
deuterium were respectively a 99% D t , 1% H f , 
* 99 5 % D n 0 5% Hi, c 908% D„ 92% H, 
Analysis c proves the evolution of hydrogen, and 
hence the reversibility of the hydrogenase All 
pomble impurities in the gas preparations (t g 
nitrogen) have lower thermal conductivities than 
deuterium, 10 that the appearance of hydrogen is 
unequivocal A report on the free radical experi¬ 
ments will be published elsewhere 


We wish to thank Dr J H Singleton for the deuterium 
analysts jj A Pethxca 

E R Roberts 
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Imperial College of Science and Technology 
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Frictional Properties of Porous Metals 
Containing Molybdenum Disulphide 

Molybdenum disulphide is an interesting material 
from the frictional point of view It is analogous to 
graphite in that it possesses a laminar structure and 
gives a low coefficient of friction It also has the 
advantage of being stable up to high temperatures 
If a thin film of molybdenum disulphide 11 rubbed 
on to steel surfaces, the coefficient of friction at low 
speeds of sliding is reduced from /1 «c o 8 to 
/1-005 The film adheres to the metal reasonably 
well but on repeated sliding it u worn away and the 
friction rises Some account of the frictional be¬ 
haviour of molybdenum disulphide at high speeck 
of sliding has been given by Johnson, Swikzrt and 
Bosom 1 

The experiment has been tried of incorporating 
the molybdenum disulphide in a porous metal 
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Various metals have been used, but the behaviour 
of molybdenum disulphide m sintered copper a 
shown in Tablt L 


Table I Steel Shier Load 4 kg 
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It will be seen that the copper containing molyb¬ 
denum disulphide gives a small coefficient of friction 
which remains at a low value after repeated sliding 
(pm i o 13). Even at comparatively high tempera¬ 
tures the friction is still low (at 300°C p — o 14) 
At 400*0 die coefficient of friction has men to 
p wm c 2 but this is probably due mainly to excessive 
oxidation of the copper 

In a second senes of experiments sintered molyb¬ 
denum was used and the molybdenum disulphide 
was formed chemically s» situ. 

The results are shown m Table II 


Table JL Steel on Mofybdeamn Load 4 1 * 
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The molybdenum containing molybdenum disul¬ 
phide gives a lower friction than sintered copper 
under similar conditions because the sintered 
molybdenum a harder and the area of contact 
b e tween it and the slider is correspondingly reduced 
It will be seen that the coefficient of frumon may 
be as low as p « 007 even at 400*0. This Is lower 
than that observed at room temperature with w tSb 
lubricated metals The sliding pro ccn wiU c o n ti nu e 
to feed a thin film of molybdenum disulphide on to 
die surface so that the friction remains law after 
prolonged rubbing and die general behaviour is 


gwiiif to that of a porous metal i m p r egnated with 
a low friction plastic" 

Experiments showed that the wear and surface 
damage of steel sliding on pure molybdenum was 
heavy on the treated molybdenum it was very slight 

Thanh an dm to Manx Ltd Jbr preparing tho 
molybdenum 

F P Bowden 

Research Laboratory m the Pfpstcs 
and Chemistry qf Rubbing Solids 
Department qf Physical Chemistry 
University qf Cambridge 

(Received Jam * 95 °) 
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Frictional Behaviour of Plastics Impregnated 
with Molybdenum Disulphide 


The frictional behaviour of some plastics 1 and of a 
porous metal impregnated with plastic 1 has been 
described earlier With some plastics the coefficient 
of friction is high For example, with steel sliding on 
Perspox 


CH, 

| —CHg—i— 
COolle. 

the coefficient of friction u p « 


r 

o« 


Some experiments have been earned out with 
plastics containing a small amount of molybdenum 
disulphide In one series of experiments. Perspex was 
mixed with a few per cent of molybdenum dwilphirio 
and moulded in a press at 3,000 lb/tn 1 (an kg/cm 1 ) 
at 170*0 Before each measurement the surfhee was 
cleaned by scraping with a diamond scraper sp that 
a fresh surffcce was exposed The results are shown 
m Table I 


Table! Steel Slider Load4kg 
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With repeated sliding the untreated plastic showed 
heavy surface damage and wear. With the plastic 
containing molybdenum disulphide the track formed 
was nooth and the friction remained at the law 
value (p — 0*15). 
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In a second senes of experiment! the molybdenum 
disulphide was incorporated in a thermosetting 
plastic Approximately 1 per cent of molybdenum 
disulphide was stirr e d into a solution of ebonite m 
petrol and this was s pr ead as a thin film on a metal 
surface and then baked The frictional behaviour 
is shown m-Table U The slider here was copper 


Table II Copper Shder Load 4 kg 
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The presence of small amounts of molybdenum 
disulphide did not appear to have any marked 
effect on die mechanical properties of the plastics 
Hie mam effect was to lower the friction 

F P Bowden 
K, V Shooter 

Research Laboratory on the Ply sics 
and Chemistry qf Robbing Solids 
Department qf Physical Chemistry 
University qf Cambridge 

{Received June 1950) 
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Index of Non-uniformtty of Particle Shape 

If sur&ce s and volume 0 of individual particles m 
a sample of particulate matter have been determined 
by microscopic measurement te calculated on the 
basis of the observed individual shape from the pro¬ 
jected diameter, the expected value of the ratio s/v, 
m symbols E(sf p), can be calculated as the arithmetic 
mean of all die ratios sjo Instead of calculating that 
expectation statistically we might, by experimental 
methods, be it permeability, light extinction, adsorp¬ 
tion methods etc, determine the specific surface of 
the sample of powder, as 

C _ M 

* E(v) 

where 4 ss the prele c ted diameter, a, n the number 
of partklos of that die, and a, are the surface 

and volume ihape factors respectively 

The two quantities, E{tjt) and E{i)jE(v) u the 
expectation of a mtw of two fim c tio n e of 4 and 
the ratio of their expectations, are connected by the 
general inequality relation 1 * * 


where /, / are arbitrary functions of one and die 
same variable, K is die greatest value of the ratio 
Jig, af and a t are the respective standard deviations, 
and p f h the coefficient of variation of / We have 
therefore 

\Em-s.\^ K o, 

% °i V ; 

For particles of itnctly uniform shape, the ratio s/v 
is constant no matter what die size of the particles 
and therefore 

E(s/v) - E(s)/E{ p) 

On the other hand, die more the particles differ 
in shape, the greater will be the difference between 
the individual ratios s/v and, therefore, between the 
two memben of the inequality which, thus, may serve 
as an index of non-uniformity 


The quantity on the left ex pressed as a percentage 
of a t /a g could be used as an index number for non- 
uniformity The greater the percentage, the greater 
the non-uniformity 


The realization of that inequality may lead to an 
i m p o rtant correction of the Kozeny equation for the 
permeability constant* 


38(1—pj* (!-/»)* SI 


( 3 ) 


where IJlm » a constant depending upon the ihape of 
the capillaries in the bed of powder, p u die pore 
volume expressed u a percentage of the total volume, 
d w is the volume-surface diameter and S, is the specific 
sur&ce per cm* 

The differential equation which leads to the above 
formula is set up under the assumption that the in¬ 
filtration m the soil in one capillary is inversely 
pr oportional to the square of the gram sur&ce per 
cm*. For an aggregate of a grains, the average 
gram sur&ce per cm* is needed, that is the average 
of (gram surface/gram volume) Kozonv now taka 
as hn model an aggregate of spheres, for which 

E(tlu) = E(,)/E(c) - 6 / 4 , .( 4 ) 

and substitutes this value into his equation. 


But apart from the correction for n on-sphe n aty 
of particle shape, foe need for which is usually 
leooguaed, which would result m die nuiii^j sUa of 
the third member of equation 4 being greater than 
6 , E(r/e) is, m general, not equal to £(»)/*(•), unlew 
the particles are strictly of one and foe nms shape, 
which is hardly ever so In a natural powder, and 
this correction hoi so &r bom over lo oke d . Thinney 
account for put rf die ii nswp lai ito d systematic dis¬ 
crepancy rnHhe specific su rfa ce if d e les min ed by 
pehneabdity methods and calculated by Oman's 
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modification of the Kovony equation, on the one 
hand, and by adsorption methods, on the other 4 

O Hsrdan 
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Some Effects of the Ultrasonic Irradiation 
of Deoxyribonucleic Acids 

Recently we have been interested in isolating 
from bacteria] sources various macromolecules and 
in particular deoxyribonucleic acid (DRNA) 1 In 
order to disrupt hartenal cells without using chemical 
PLagenti some workers** 1 have subjected them to 
ultrasonic vibrations Although this treatment is 
often effective, we have noted that the DRNA 
obtained from cells disrupted by this procedure gave 
aqueous solutions of a much lower viscosity than 
those isolated from similar cells disrupted in a 
mechanical shaker or in a bacterial mill Conse¬ 
quently it was considered of interest to investigate 
the action of ultrasonic irradiation on aqueous 
solutions of DRNA The DRNA used was prepared 
from / calf thymus gland by the method of Mduky 
and Polluter 4 and deprotemixed by the procedure 
due to Sevag 1 , » soft herring rocs by a slight modi¬ 
fication of the Musky and Polluter 4 method and 
deproteinized by the method due to Hammajuten 4 , 
andj wheat germ according to the method of Laland, 
Overend and Webb 7 The apparatus used for 
generation of the ultrasonic waves consisted of a 
valve oscillator with two Osram MTJO valves in, 
parallel, coupled to an X-cut quarts crystal The 
applied voltage was about 10 lev and the anode 
current c 70 ma At maximum output the total 
energy dusipated by the crystal was c too w, of 

which about 5 per cent was converted to sound energy 

On irradiating o a per cent solutions of the nucleic 
ackfa, the vocomy decreased rapidly On standing, 
the sotubons did not regain their original viscosity 
value* indeed it was observed that the viscosity 


continued to fall slightly, a phenomenon raemUang 
that observed after x-irradiatum of DRNA 4 * • The 
ultrasonic irradiated samples always showed a pH 
value less than that of the original solution No 
ammonia could be detected in such irradiated 
solutions of DRNA from wheat germ or hemng roe, 
but extended irradiation of solutions of DRNA from 
calf thymus gland resulted in some loss of the nitrogen 
present, in the form of ammonia {qf Grexnstein it 
ahi\ and Scholks, Stein and Weds 14 ) Negligible 
amounts of inorganic phosphate were formed and the 
products from the irradiation were still relatively 
insoluble m acids The refractive indices of the 
native and corresponding irradiated samples in 
solution were identical as also were their ultraviolet 
absorption spectra, thus showing that no groups ex¬ 
hibiting strong absorption were liberated during the 
irradiation Solutions of the native and irradiated 
materials were dialysed in cellophane bags at 37°C 
for 4 hr against distilled water Negligible amounts 
of material of low molecular weight passed through 
the membrane Comparative measurements on 
diffusion rates using the simple apparatus of Gage 11 * 
on native and irradiated samples showed no signi¬ 
ficant difference in diffusion rates, confirming the 
absence in the irradiated material of polynucleotides 
of low molecular weight This was further confirmed 
by the fact that both samples could be precipitated 
from solution by ethanol in the presence of sodium 
chlonde Preliminary work with electron micro¬ 
graphs has indicated that whereas in the native 
DRNA long thin fibres can be observed, none is 
discernible in irradiated samples 

The evidence presented indicates that some dis¬ 
aggregation of the samples of DRNA is induced by 
ultrasonic irradiation, but that the products are still 
of relatively high molecular weight Further proof 
of the disaggregated nature of the products of the 
irradiation was provided by an examination of some 
of their physical properties Unlike the native DRNA 
which showed structural (anomalous) viscosity in the 
viscometer d ue to Frampton 1 *, the irradiated products 
exhibited no anomalous behaviour Moreover in the 
simple apparatus of Edsall and Mbhl 11 die ir¬ 
radiated products did not show the birefringence 
characteristic of the native material Electrometric 
titration data supported the view that ultrasonic 
vibrations disaggregate DRNA 14 and indicated that 
some of the hydrogen bonds are broken Enzyme 
studies on the irradiated material farther confirmed 
this obrervation For example we have shown that 
the action of ox pancreas deoxyribonuclease on 
DRNA results m an initial decrease in viscosity 
without the formation of acid-soluble polynucleo¬ 
tides 11 . When the irradiated samples of DRNA 
were incubated with this deoxyribonuclease under 
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Identical conditions at pH 7 o, no decrease in vis¬ 
cosity occurred while the formation'of acid-soluble 
material commenced immediately It would appear 
that ultrasonic irradiation disaggregates DRNA to a 
las complex polynucleotide which is highly susceptible 
to attack by the nucleotidase It is apparent that 
when isolating such macromolecules from micro¬ 
organisms, ultrasonic vibrations for disrupting the 
cells should be avoided A full account of this work, 
which is being extended, will be published elsewhere 

The authors an indebted to Profusor H W MefatUe , 
F R S, and hu colleagues for advice and for use of their 
some oscillator This work was supported by a grant from 
the British Empire Cancer Campaign (Btrmmgham Branch) 

S Laland 
W G Ovkrknd 
M Stacey 
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University of Birmingham 
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1 

Note on Diffraction by a Dislocation 

Hall 1 has pointed out that a first approximation 
to the aformc displacement produced, £ry an edge 
dislocation is given by an expreswon of the same form 
as that for a screw dislocation 9 , die difference bang 


that die displacement vector is perpendicular to the 
axis of the dislocation, instead of parallel to it To 
Hall’s approximation one may write for the displaced 
position of thejth unit cell 

+ (0 

where 

0 =*Jia + Jj> + Jgff (a) 

The axes are chosen so that c 10 parallel to the axis 
of the dislocation, y is an angle measured from some 
fixed direction perpendicular to c, and % is the 
Burgers vector (If m the undislocated crystal a 
large closed circuit is described about the dislocation 
axis, t is the gap produced in it by the dislocation 
It 11 necessarily a lattice translation ) It may be 
ahowo that the reciprocal-lattice representation of 
diffraction by a cylindrical crystal of radius A con¬ 
taining an axial dislocation with displacements given 
by equation 1 is very similar to that previously 
described 1 for a screw dislocation The regions of 
high intensity are again disks perpendicular to the 
dislocation axis , they increase in diameter with 
increasing S 9 1, where 5* is the vector joining the 
centre of the disk to the centre of the reciprocal 
lattice In the special case of a screw dislocation t 
is parallel to c, so that this is a generalization of the 
increase with l previously found 

The amplitude of diffraction of x-rays 11 

G - FZ, exp{fcn$ r/} . . 

— FZ, exp{2jwS rj + ih tip} 

As previously shown, the summation over can be 
performed immediately, and verifies the statement 
that the regions of high intensity are disks perpendicu¬ 
lar to the dislocation axis With S “ 5# + Q* where 
S t is a reciprocal-lattice vector and q is small com¬ 
pared with the reciprocal axes, the factor in the 
amplitude involving q can be put in the form 

G'(q) = JJ*exp {fortpreos (y — 8) + tS t yjfdndy 

(4) 

where the sums over j x and have been Replaced 
by integration over the cross section of the crystal, 
and r,y , qfi are the components of r and q per¬ 
pendicular to c expressed in polar coordinates Since 
t 11 a lattice translation, S. / is an integer, say p, 
and S t differs from p by a small quantity q t If 
this n ignored, which is legitimate m die immediate 
neighbourhood of the points of the reciprocal lattices 
equation 4 becomes 

G'(*0) - fcn*exp{^} 


887 


(5) 
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Thii differ* from the corrmponriing factor for a screw 
dislocation only through the substitution of the 
integer p for the integer nl } and through the phase 
factor exp {*^0}, which has no effect on foe intensity 
of diffraction To the extent to which Hall's approxi¬ 
mation and the neglect o(p {are legitimate, therefore, 
foe results obtained for a screw dislocation may be 
used generally with the substitution of p for nl 

The work qf ths laboratory on 1 mperfed structures is 
supported by grants from the Royal Society end the British 
Iron and Steel Research Association 

A J C Wilson 

Vmomu Jones Laboratory 
Unseemly College 
Cardiff 
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Crystal Structures of l-Ephedrtne 
Hydrochloride and Hydrobromide 


Thi unit cell dimensions and space groups of the 
isomorphous f-ephednne hydrochloride and hydro* 
bromide were determined by Goman and Neff 
[Gomel, B and Nbit.H Z Xrtstallogr 86(1933) 
32J They found 


faphadrhw HQ 
^MncHBr 


« i i 0 

,a «4 7JiA to«;6 

if 74 6*0 7 fa A 100*4? 


a 

B 


ft: 


The structures of these compounds have now been 
examined in detail Patterson syntheses were used 
to find the positions of foe chlorine and bromine 
atoms in foe unit cells, and signs of the structure 
factors in foe centric [010] zones were calculated 


directly from foe relation 

^HBr(AO0 — Fm{h0l) =■ 2/fr.CO»irt(A*Br + Uue) 

— 8/ a cos Sk(Axc] + ka) 

The electron density map of the [010] projection 
was plotted for J-ephednne hydrochloride by the 
use of these signs It showed the arrangement of 
atoms in the molecule, though sam e, particularly 
those in the benzene nng, were imperfectly resolved. 
The phases of structure factors in foe acentric [001] 
lone were then calculated for a trial structure con¬ 
sistent with this [010] projection, and the ordinary 
methods of Founcr refinement have led to foe 
electron density map shown in Figure 9 Refinement 
is proceeding , the praent values of the reliability 



index, Jfs£||i? - | — |F f ||/£]i%|, are A[ 0 l 0 ]»o 29 
and JZ[001]»o 19 

Full details will be published elsewhere 
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Commentary: Pleasure and Pursuit in Science 


A great deal more has been written about the purpose and social function 
of science than about the personal motives of the scientist. However, it is only 
by seeking to analyse the nature of the scientist's pleasure in his work that we 
can obtain clear ideas on what science is about In the course of a presidential 
address to the Classical Association some years ago. Lord Greene declared that 
science is one of the humanities. This remark is of great interest to the scientist, 
but its truth can be examined only by considering in the fint place the quality 
of thought or feeling which accompanies scientific activity 

How are we to account for the intense interest and pleasure of science ? It 
is a question which is by no means simple or straightforward The work of the 
scientist is dispassionate to a high degree and for this reason it would appear 
to have little appeal to those instincts and emotions which psychologists believe 
to be the driving force of all effort and behaviour That there is, however, a 
general quality of fulwg in science, as there is in art or religion, is the mam 
contention of the present article. 

Einstein himself has written ‘ Feeling and desire are the motive forces 
behind all human endeavour and human creation He goes on to describe 
the nature of the cosmic religious emotion which accompanied and sustained 
the scientific work of men such as Kepler and Newton who spent yean of 
solitary labour m disentangling the principles of mechanics * Only those who 
realize the immense efforts and, above all, the devotion which pioneer work m 
theoretical science demands, can grasp the strength of the emotion out of which 
alone such work, remote as it is from the immediate realities of hfe, can issue ’ 

This lofty view Is one which it is appropriate for Einstein to express on behalf 
of other scientists of his period. However, before considering it m detail, it 
seems useful to examine the nature of scientific interest at several more super¬ 
ficial levels of emotional quality For it must be admitted that the general run 
of scientific work, whether m pure or applied science, is concerned with rather 
restricted problems of immense detail, with the result that the cosmic emotion 
tends to become subordinated to feelings of a more everyday kind, although 
none the less entirely human in their quality. 

In the following I shall try to analyse the motives of the scientist at three 
different levels of intensity. First m relation to the desire for adventure, the 
satisfaction of achievement and the pleasure of logical thought Secondly, and 
very briefly, in relation to the aesthetic quality of science. Finally in relation to 
religion, returning thereby to the view expressed by Einstein. 

In developing this thesis it would be easy to overlook important alternatives, 
for the discussion cf motives is always complex. It might be asserted, for example, 
that the scientist and engineer pursue their work becaus e it is Useful It is, of 
cdurse, for his value in society that the scientist deserves his pay, just as much 
as tbf miner or musician. However, what we are concerned with in this article 
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u not 50 much the value of science to the 
community as the origin of the scientist's own 
personal enjoyment of his work It is certainly 
m the domg of research, rather than in its 
useful results, that we must find the origin of 
this pleasure and this, I believe, applies almost 
equally in both pure and applied science 
However, this is not to deny, in an age with a 
strong social conscience, that the usefulness of 
the work is an important incentive 

DISCIPLINE AND ADVENTURE 

To commence then at the most superficial or 
day to day level of scientific work, there is the 
enjoyment of intellectual effort, the satisfaction 
of curiosity and also, especially in experimental 
work, the sense of craftsmanship These matters 
are so obvious as to need little comment But 
they are sustained, I believe, by two factors 
which he at a rather deeper level These are 
the satisfaction of disciplined thought and the 
desire for adventure 

Now the process by which thoughts are 
generated in the mind is an utterly disorderly 
one (or so it seems) and bean no relation to 
the logical sequence of a scientific argument 
Let us suppose that at a particular moment our 
attention is centred on a certain object, say a 
clock On making a subsequent analysis of our 
mental or emotional processes we find that it 
is impossible to mam tarn our attention on the 
pure 4 clockness ’ of the clock, the thing in itself 
1 here is, in fact, nothing to think about in the 
clock as a pure thing Instead our minds slip 
spontaneously along a sequence of associations 
which begins with the clock and ends—any¬ 
where These associations may have a pre¬ 
dominantly emotional tinge or a predominantly 
intellectual one The images which me in the 
mind may be due to the shape or colour of the 
dock, the sound of its tick or the word which 
denotes it Or we may slip along lines of thought 
such as our memory of the purchase of the dock 
or semi-saendfic thoughts on its mechanism. In 
any case these thought trains very quickly leave 
the original object and pass elsewhere 

Associative thinking of this sort is very enjoy¬ 
able but it is not satisfying in itself, for it does 
not give rise to any sense of achievement It 
is a kind of thinking which has its important 


part in creative work, because it leads to the 
genesis of new ideas, but alone it does not give 
rise to a concrete and finished result The 
thought is satisfying and fruitful only when the 
conscious mind eventually imposes order on the 
meditative process It does this not by pre¬ 
venting the formation of spontaneous images but 
by imposing a limit to the thought trams 
Instead of running on indefinitely, as in day 
dreams, it seems as if the associative process is 
pulled up abruptly, every few seconds, for a 
general stock-taking and re-direction This pro¬ 
cess requires a distinct effort of will and, when 
the mind is fresh, we take definite pleasure in 
its orderly forward movement to the assigned 
objective, which is the solution of the problem 
in hand 

To come then to our mam point, it is evident 
that scientific subjects are particularly suitable 
for this controlled exercise of the mind Thu 
u partly because there u a clear objective which 
u desirable in itself, but also because the field 
of thought is never exhausted A tram journey 
which is repeated each day becomes wearisome 
because it ceases to provide new stimulus The 
scientific journey u not of this kind , although 
it is an orderly one it u at the same tune new 
and adventurous For in science we use the 
vast unknown of the universe as a constant 
source of fresh adventure for our thoughts 

To summarize, we can say that scientific work 
satisfies simultaneously our need for orderly and 
disciplined intellectual effort and our desire for 
adventure There is an unlimited field of in¬ 
quiry and therefore everlasting scope for new 
thought and new discovery 

I am not speaking here m a journalistic sense, 
for major discoveries are, of course, very rare 
and fall to the tot of very few workers But in 
a proper sense all the work of a scientist, his 
reading and experiment, is a process of personal 
discovery, even though it may be of apparently 
quite small things Any well known chemicsd 
reaction earned out in a test tube is an act of 
re-discovery Thu u very clear from the fresh 
pleasure which we experience when we demon¬ 
strate to a child some of the histone expenments 
of science, such as PusnuY’s preparation of 
oxygen 
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AESTHETIC QUALITY Of SCIENCE 

So much for the aspects of intellectual effort 
and adventure I shall consider only very 
bneffy the aesthetic quality of science as one 
of the motives of research, for it has already 
been discussed in some detail by Poincare, 
Dirac and others This emotion is the pleasure 
of harmonious relations, but whether these rela¬ 
tions are to be thought of as being constructed 
in man’s own mind or as actually operating in 
external nature is an open question On the 
one hand, the point of view may be taken that 
the universe is quite unknowable but that the 
human mind u capable of constructing a 
theoretical edifice of great beauty and sim¬ 
plicity which serves to correlate the multiplicity 
of observational data Alternatively, and more 
simply, it can be B&id that Nature is a kind of 
living force which operates according to certain 
harmonious laws which can be discovered 
through science However, a philosophical 
question of this sort in no why affects the 
pleasure which is created by the discovery of 
comprehensive relations in natural phenomena 
What Shelley said of poetry might equally 
be said of science ‘ Poetry lifts the veil from 
the hidden beauty of the world and makes 
familiar objects be as if they were not 
familiar ' 

Georoe Sarton has said that the history of 
science is to a certain extent a history of taste 
It is one of the faculties of the outstanding 
scientist that he is able to distinguish those 
theories which have qualities of harmony and 
elegance from those which have not Sarton 
continues 1 One might ask 11 These theories 
that are more beautiful—are they more true ? M 
Anyhow, they are easier to grasp and more 
fertile , and for these reasons alone it is worth 
while to give them our preference' 

From a certain point of view the aesthetic 
quality of science is most evident in the methods 
of theoretical physics, which is the most satis¬ 
fying branch of science m regard to economy 
of hypothesis and logical consistency On the 
other hand it is in the applied sciences, such as 
engineering, that one appreciates most com¬ 
pletely the extraordinary power and versatility 
of those laws which are established *by phyncs, 


so that large machines can be accurately de¬ 
signed on the basis of a few generalisations due 
to Newton and Clausius Finally, it is in the 
more co mp ara tive fields of science, such as 
biology or inorganic and organic chemistry, 
that we depart from the b eau ty of simplicity 
and find aesthetic pleasure of a different kind 
in the wonderful variety and diversity of ob¬ 
served behaviour Thus each salt of each metal 
has its own special p ro p e rti es of colour, reac¬ 
tivity or the beauty of its crystalline form and 
structure 

RELIGION IN SCIENCE 

It seems probable, however, that science has 
certain springs of emotional or imaginative 
power at a still deeper level For it is certain 
that to a great number of men and women 
science has die compulsive quality which 
religion had in the middle ages We thus come 
finally to discuss the religious background of 
scientific feeling and for this purpose it is useful, 
in the first place, to consider the early history 
of science 

There is a widely held view that modem 
science developed rather suddenly as something 
quite distinct from astrology and alchemy 
Such a view is not supported by history and 
is contrary to a great deal of general evidence 
that human thought is slow and evolutionary 
t e it moves forward mainly by the modification 
or improvement of ideas which already 
exist 

It seems more correct, therefore, to regard 
science as having a fairly continuous history 
and it thus becomes permissible to examine the 
motives of the modem scientist in relation to 
the undoubted religious significance of early 
science, especially alchemy The motives which 
were the original driving force m science may 
be expected to be still active to some extent 
at the present tune. 

The earliest sources of science and rehgion 
were perhaps largely in the efforts of primitive 
man to achieve some d eg re e of mastery and 
understanding »f his environment The belief 
in nature as being activated by spirits was an 
attempt to obtain a causal understanding of 
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natural phenomena by interpreting diem in power of symbolism declined and with it 
terms of the motives of unseen bangs This astrology and alchemy. Science entered into 
was a scientific activity, and the use of magic a prolonged period of m ec h a n istic int erp retation 
and religious ntual which accompanied it may of nature which greatly increased its powers of 
be regarded as a primitive technique of expen- analysis The resulting gain in the intellectual 
mcnt which m™** at the control or placation content of man’s outlook was obtained at the 
of the unseen forces Science 11 thus the e xpen se of a diminution of the emotional 
dangerous revealment of that which is secret, a content The development of science has 
source of power and knowledge It is a feeling ennched man’s thoughts in many directions but 
which is by no means unknown at the present in others it has impoverished it As Polanyi 
day Pierre Mabillb has remarked 4 Dans la has said, certain kinds of meaning have been 
d&ouverte, quelle qu’dle soit, que ce soit almost lost. One of the mainsprings of scientific 
science, art, amour, le combat d'hoxnme est activity remains, however, the attempt to m- 
semblable, l’atmosphire dang4reuse identique t erp r e t nature m terms of the human mind. 
Ce sont let mtouusmes d’mvendon et de The emotional bans of the urge to discovery 
prophtae qui op&rcnt, ceux de la tradition is the projection into matter of the scientists’ 
d'Evocation magique' own spirit Thus from Juno ' . science 

began with the stars. Astrology is a primeval 
At a later stage the development of alchemy experience, and 10 is alchemy . . * 4 Every- 
was closely linked to the intensely religious thing unknown is filled by psychological pro¬ 
outlook of the middle ages A suggestive account jection , it is as if the investigator’s own psychic 
of the psychological basis of alchemy has been depths were mirrored in the darkness * How- 
given by Juno, who regards it as a religious ever, many scientists find it necessary to believe, 
activity based on the notion of redemption as an act of faith and a raison (Pitre of their work, 
As the Saviour redeemed mankind, so man in that the logical relations which are discovered 
his turn must punfy and redeem inanimate by science are not merely the projection of their 
matter In his search for the philosopher’s own minds but are the mirror of an m- 
stone the true alchemist was seeking not wealth telligibility actually existing m the external 
but to effect a purification of the world at world Such a view undoubtedly gives a 
huge. greater sense of purpose in science In this 

connection also there is a suggestion of Polanyi 
This theory of the symbolic and religious that the process of discovery is akin to the 
character of alchemy is consistent with the recognition of the shapes of things, as discussed 
theological emphasis of the middle ages and in the Gatalt psychology In science the 
is supported by Jung by numerous quota- * shapes ’ we are concerned with are the inter- 
tions from the alchemists themselves For relationships of natural phenomena 1 All these 
example, from Majbr • 4 , chemistry excites processes of creative guesswork’, says Polanyi, 

the artifex to meditation on the good things 4 have in common that they are guided by the 
of Heaven, and that he who is initiated of God urge to make contact with a reality, which is 
in these mysteries casts aside all such mug- felt to be there already to start with, waiting to 
mficant cares as food and clothing, and so be apprehended ’ 
appears to himself as if he were born anew’ 

In its most intellectual form the 4 cosmic 
In the middle ages the reality of the spirit emotion ’ of the scientist is thus mainly related 
seemed no doubt so clear that there was a to tbe desire for reason m nature Philip 
strong tendency to interpret nature m terms of Toynbee has remarked that humanity has an 
its symbols It was perhaps a continuation of unconscious belief in order behind confusion 
the more primitive belief that natural pheno¬ 
mena were the work of unseen bongs. However, The success with which a great interlocking 
as a result of various histone factors, such as structure of relations can be built up gives a 
the reformation and Cartesian philosophy, the firm impression not only of die ability .of the 
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human mind to form adequate concepts of the 
universe but also of its intrinsic design It leads 
thus to a strong conviction of purpose and 
divinity There are two things, says Plato, 
which lead men to believe in the Gods, one 
is knowledge about the soul, that is the most 
ancient and divine of all things, the other is 
our knowledge concerning the regularity of the 
motion of the stars and all other bodies under 
the dominion of the mind which ordered the 
universe 

The emotional quality of science is thus in 
what it gives us of power and beauty and 
adventure, but more than anything in its 
revelation of orderliness Thu desire for reason 
in nature derives partly from a primitive need 
for confidence (for without order there can 
be no security) but m a much larger sense it u 
the expression of a religious outlook To the 
modem spirit it u science more than anything 
else which shows evidence of design and pur¬ 
pose in the external world It u moreover the 
dear and luminous intelligibility of science, 
rather than its actual content of knowledge or 
useful application, which is its most valuable 
contribution to human thought 

There is another important incentive in 
science which u ethical rather than religious 
and u discussed very thoroughly by Polanyi 
Thu u the feeling of brotherhood The scien¬ 
tific community has certain common aims and 
ideals and thu gives rue to a feeling of solidarity 
and dedication 

It would, of course, be unwise to suggest 
that science, m its ethical content, u in any 
respect an alternative to organized religion, for 
it is, after all. Very limited in its field erf ex¬ 
perience* At the same time it u perhaps the 
recognition that there are certain ideals in 
science which causes a great number of men and 
women to take it up as a career 

Finally, to all scientists, whether theu* work 
u succesrful or not, there u in the doing of 
science a certain quiet detachment, a cool lake, 
as at wat, on a hot day. This calm pleasure u 
well expremd by G&bthb 1 1 am 'gomg on, 
though slowly, with my papers on* Natural 


Science, not because I think that I can materially 
advance s cien ce, but on account of the many 
pleasant associations I maintain by it Of all 
occupations, that with nature u the most 
innocent ’ 

CONCLUSIONS 

In summary, the origin of the pleasure of 
science has been considered under two rather 
different aspects Under the first it was aug- 
gested that the doing of scientific work is 
highly enjoyable m itself, because it u a progren 
of the mind along a route which is adventurous 
and u at the same time orderly and creative. 
Under the second it was proposed that there 
are certain emotional incentives in science, 
closely related to religious feeling. It u probably 
no accident that the devotion which was at 
one time created by theology u now largely 
inspired by science 

In discussing these aspects of enjoyment m 
science it is, of course, not to be overlooked 
that the personal pleasure of the scientist is 
largely irrelevant to his purpose in society 
Thu arises from the fact that the appreciation 
of science for its own sake is mainly confined 
to the scientists themselves on account of the 
very extensive training which seems to be needed 
before thu appreciation can be effective Thus 
whereas music u enjoyed by a great many, and 
literature and painting by a rather smaller 
number, the pleasure of science u restricted to 
a very small section of the community , so small, 
in fact, that the very large national expenditure 
on science could not be justified on thu b^su 
alone 

The value of science to humanity at large 
thus lies in an entirely different direction to that 
of the arts — namely, m its useful applications 
to man's health and comfort, m its value as a 
technique of dear thought and investigation, 
and finally m the impression to which it leads 
of an orderly and intelligible universe These 
contributions are great enough but it may pen* 
haps be hoped for the future that improved 
methods of exposition of science may lead also 
to its more extensive appreciation as a form of 
pleasure. % 
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Study of Imperfect Crystals by Powder Photographs 

A J C WILSON, M Sc, Ph D, F.IxutP 
Vmamu Jones Laboratory, Umvemty College, Canliff 


X-Ray diffraction by cryit&ls may be used for two 
purposes the study of crystal structure, and the study 
of crystal texture In structure determination the end 
sought u a knowledge of the positions of the atoms 
withm the unit cett, the fundamental budding block 
of the crystal, us texture study the aim is a knowledge 

the perfection with which the unit cells arc arranged 
ti bnoN 1 has described several examples of crystal 
structure determination, but mentioned only one 
texture problem There are, however, many of these, 
divided broadly into two classes In the first the crystal 
lattice is undistortcd, and the uze of the regions that 
diffract coherently is limited either by the crystal 
boundaries, Figure /, or by 4 mistakes * m the sequence 
of umt (tib, Figure t In the second class the crystal 
lattice is distorted and the size of the regions that 
diffract coherently is limited by displacement of the 
atoms from their ideal positions, Figure 3 In the 
present paper the effect of texture on powder photo¬ 
graphs u treated more systematically So far these 
have been most important in detailed texture study 
but they suffer from certain limitations 1 , some of 
which are mentioned in the appropriate places 

In taking a powder photograph, the specimen, a 
small rod consisting of many crystals, is placed at the 
centre of a cylindrical camera and irradiated by an 
approximately parallel and monochromatic beam of 
x-rays These are reflected at angles 0 which are 
related to the wavelength A of the x-rays and the 
mterplanar spacutgs d of the crystals which make up 
the specimen by the Bragg law A adiind When the 
film a developed the reflections appear as a senes of 
baa For d et er min ing die mterphnar springs d, 
and thenoe the unit cell dimensions, the only signifi¬ 
cant property of a line is its position, from which 0 
can be calculated The lines, however, differ also in 
intensity and profile, as illustrated by the photo¬ 
meter curves, Figure 4 Th*total intensity of the line, 
that u the area between the photometer curve and 
the interpolated background, depend* on the kind 




Figures uLargttrrsUl AU the tells te m p e r ing 
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and number of atoms within the umt cell but not on 
the crystal texture (The phenomenon of ex h m ct t m is 
neglected It u not ordinarily of great importance 
in powder photography*) This so-called 4 integrated 
intensity ' is the quantity required for crystal structure 
determination The line profile, the distribution of 
intensity as a function of angle, depends critically on 
the crystal texture Usually only the breadth of the 



Figures Crystal wtik mutaka Inthedemauu 
with different shading the umt cells an alike m 
size and shape, hut differ nt the kind or arrange¬ 
ment qf atoms withm them For some at least of 
the ^flections the ngeons that diffract coherently 
are smaller than the crystal 


line xs measured, though this a not a complete speci¬ 
fication of the profile Two definitions of breadth, 
the half-breadth and the integral breadth, are in 
common use. The first n the width of the photometer 
curve, expressed m radians, measured at half the 
height of the peak The second is the integrated in¬ 
tensity of the reflection /divided by the peak intensity 
P These definitions obviously give quantities of the 
same order of magnitude, but may differ by 10 to 
15 per cent The integral breadth has several advan¬ 
tages, and m what follows ‘ breadth 9 without quali¬ 
fication means 4 integral breadth 9 


Fkgm 3 Distorted 
crystal The totalwe 
dis pl a cem ent qf two 
plasm a distance T 

r u oT + tdT* 
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Ftgttrt 4 Photometer cun** a Portion qf quartz 
pattern, showing sharp Urns b Portion of china 
clq? pattern, showing broad bus 


The breadth of a line as measured on the film is 
made up of three components / an intrinsic breadth 
P , a ratio depending only on the crystal texture, 
* a trigonometrical factor, atan9, the same for all 
varieties of texture , and 3 a broadening due to im¬ 
perfections in the experimental arrangements Among 
the causes of this last broadening arc inhomogeneity 
and lack of parallelism of the x-rays, and finite size 
of the specimen It may be eliminated by comparison 
of the photometer curves of lines from the specimen 
under uivertigation with those of lines from a * perfect' 
specimen of similar size and absorption coefficient, 
although the calculations are tedious 4 - T (For this 
purpose a specimen made from ground quartz or an 
annealed wire of a pure metal may be regarded as 
perfect) Geiger-MUUer counter powder spectro¬ 
meters can be designed with the instrumental broaden¬ 
ing much less than is usual for powder cameras, and 
for this reason are preferable for texture studies, 
though their greater cost u a disadvantage 

PARTICLE-SIZa BROADENING 

A better understanding of the intrinsic breadth may 
be obtained, and the form of the trigonometrical 
factor may be verified, from a consideration of the 
simplest variety of broadening, that caused by small 
particle size In the usual derivation of the Bragg 
law the condition for a strong diffracted beam is 
obtained by considering the interference between rays 
scattered by*iuccauve planes of atoms m the crystal, 
Ftfurt g* Each successive plane of atoms reflects a 
small fraction of die Beam of x-rays undent at the 
angle • , ordinarily these interfere with qpe *n**hm* 


and there 11 no strong resultant beam, but at one 
particular angle the path difference betweensuccentve 
beams is one wavelength and all the beams add 
together The condition for this to occur n that 
PE + E(L » X, where P and Q, are the feet of per¬ 
pendiculars dropped from the point,!? where the ray 
ABC is reflected on to the ray DEF The lengths 
of PE and EQ are each dsinB, so that thu gives 
Bragg's law, X « at&infl, immediately* The peak 
intensity u proportional to »*, the square of the 
number of layers, and the integrated intensity to n, 
10 that we may define the ideal or intrinsic integral 
breadth by 


fit 


/. 


d 

T 


(1) 


where /, is the intrinsic integrated intensity and P t 
is the intrinsic peak intensity 


We have now to seek the relation between the 
intrinsic breadth so defined and the breadth Pj 
measured on the film and corrected for experimental 



imperfections When the cryital in Ftgun 5 u re¬ 
flecting most strongly, the ray XYZ reflected by the 
last plane travels a distance aT&infl »=- n) farther 
than the ray ABC If the crystal u turned a little 
out of the reflecting position, say so that the angle 
of incidence of the x-rays n 6 + d, where 6 is 
small and 0 satisfies Bragg’s law exactly, the extra 
distance travelled by the ray XYZ be 

a 7 iw (0 -f < 5 ) — aTsinfl, or approximately ad 7 cos 0 
If flu such that thu u one wavelength, the intensity 
of reflection will have fallen to zero, because for each 
ray reflected m the upper half of the crystal there 
will be another reflected in the lower half which u 
exactly out of phase with it The order of magnitude 
of the breadth of the reflection u therefore given by 
the value of afl which makes aflTcosfl equal to A, 
that u by 



(a) 



law it often written nl - ndun #, wbere a it the order 
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The fhctor two (ad instead of d) comes in because the 
deviation of the x-rays in Fxgrtrt 5 a od, so that the 
spread on the film is twice the spread in 0 A cal¬ 
culation of the line profile shows that this estimate 
of order of magnitude is strictly correct for reflections 
from a crystal of constant thicknem. Comparison of 
equations 1 and a shows that the factor required to 
convert intrinsic breadth to breadth on the film is 


* T 

A Tcosd d 


Stand 


( 3 ) 


is the total of unit cells, /, ■ VfU t to that 

the intrinsic breadth is 

t, - ijp, - vnjnv . (6> 

giving 

Pj-XVIctxdjTdV (7) 

for the breadth on the film 

1 

Equation 7 shows that the thichnras of a uniformly 
thick crystal is given by X/fifCOtB For crystals of 
varying thickness it is often convenient to define an 
apparent particle sue a by 

« - XIPfcnB - K-»JYdP IB) 

The integral in this equation has been evaluated for 
the hkl reflections from several regular crystal 
shapes*- 11 


BROADXNENO BY MISTAKES 


The assumption of a constant thickness T for the 
crystal is, however, unnecessary, the argument 
loading to Bragg’s law depends only on the coherence 
of rays scattered in the immediate neighbourhood of 
the line BY Inserting the angle between the incident 
and reflected x-rays For a crystal of varying thick¬ 
ness the intensity of reflection, tptal or peak, will be 
obtained by adding the intensities, total or peak, 
produced by rays scattered in the neighbourhoods 
of all the lines of variable length parallel to BY, 
Flgmn 6 The unit scatterer has so fhr been taken as 
a lattice plane, it will now be necessary to take a 
unit with volume and content equal to those of the unit 
cell If the volume of the unit cell is U, and the spacing 
of the lattice planes parallel to BY is d, then the 
number of lines/cm* of such units parallel to BY will 
be djU Choose an x axis parallel to BY, and y and 
t axes perpendicular to it Then the peak intensity 
will be given by the sum, for all lines of units parallel 
to BY, of ( Tfi )*, where T is the length of the lines 
Since the units are small compared with the total 
volume V of a crystal, the sum may be written as 
the integral over the eras section of the crystal of 
(T/d)* multiplied by the number of lmes/cm', or 

//(WMKWe 

- (tw>- , JJr<*MU .(4) 

Since T — fdx thu may be written more co m pa c tly 

P, ■■ (W)-‘ J J J Tdxd) 

- (W)“»fTdP 

lr ( 5 ) 

where the integration extends throughout the volume 
V of the crystal The total intensity of the reflection 


In the preceding paragraphs the intensity scattered 
by a tingle cell has been taken as the unit of scattering 
When the unit cells differ in their scattering power, 
as they must if mistakes in their arrangement are to 
produce any observable effect, the actual scattering 
power of the cell must appear explicitly in the in¬ 
tensity expressi ons The unit of scattering is taken 
as that of a single free electron, and that of a cell 
is given by F, where F* *» A* + B\ A bang the 
amplitude of the part of the scattering by the cell 
m phase, and B the part in quadrature, with that 
which would be scattered by an electron at the 
origin Consider a line n units long perpendicular 
to the reflecting planes, Fijurt 6 Because of the 
mistakes the scattering factors of these will not all 
be the same If the scattering of the first unit is 
given by A x , B u that of the second by A* and 
so on, the intensity scattered by the whole line will 
be given by 

G*-*■+!* (9) 

where X ■■ A l + A % + A % + 

T ™ + B* + B % + 

These equations give for the intensity of scattering 

e , -<4 + BD + <dJ + Jt>+ - 

+ + ^A) + (dfd* + B|fl|) + } 

+ • 

+ ■)“ ^A) • (10) 

where the terms have been arranged so that in the 
first line the factors multiplied refer to the same unit, 
19 the second hurt to conmcutive units, m the third line 
to units separated by one intervening unit, and so on* 
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The number of terms of the type {A) + Bf) u n, 
of the type (.44+, + BjB )+1 ) u a—1, of the 
type (A,Aj+» + u we represent 
by Jrn the avenge value of (A,Aj +m + B,B f+m ), 
the turn may be written 

G'-nJ, + + 3 (^) 7 , + 

+ + "Mj-i (11) 

The calculation of J m once the type of mistake 
occurring m the crystal has been guessed, is an 
exercise m probability theory 1 * 1A ~ 1V Ordinarily it is 
found that J m decreases practically to zero for a 
value of 01 large compared with unity but small 
compared with n The sum m equation n may 
then be replaced by an integration, so that 

G* - s/'OwOJ.dm 

- S»£* J*dm (la) 

to an approximation valid in the circumstances 

mentioned Summing for all parallel lines of units, 

to give the intensity diffracted by the whole crystal, 
merely introduces N> the total number of units m 
the crystal, instead of a, the number of units in one 
line Equation 12 then becomes 

(13) 

where I *- md is a distance measured perpendicular 
to the reflecting planes The breadth on the film 
then becomes 

ft- WKnOftet (14) 

since the total intrinsic intensity n NJ% 

In this discuuion of mistake broadening it has 
been tacitly assumed that the average value of 
(AjBj+ m — Aj+ m Bj) is aero If this is not so the 
peak of the hne is displaced as well as broadened 
Such displacements are common among the clay 
minerals, and have been described by D M C 
MagEwam* The problem xs rather complicated, 
and only references can be given here 1 * 14 11 Com¬ 
plete layer disorder, also found in some clay minerals, 
leads to peculiar 4 tailed 1 reflections , these 1114 and 
diffraction by random hnear structure^ 1 are also 
difficult to ductus by elementary methods 
Space does not permit a duriusuon of particular 
subs tan ces, but the aiimptinn of random mistakes 
gives a reasonably good explanation of the line 
broadening in hrnmgnsud cohalt 14 * 11 and suitably 
annealed AuOtrt*S ,4 * ,w, f With the latter it u 
utemdng to find that the mistakes mostly occur m 
a way dint does not bring the gold atoms into con¬ 
tact with one another, even along the fault planes 
Powder p h otogr ap hs are^not, however, ideally suited 
for the complete verification of the postulated types 
of mistake, and whenever single crystals aye obtiun- 



Ftgvn 7 Rotshon pkotognph qf &nc ndpfuds, 

&4e?tT jtmetun disordma towards stme- 
totrt Th* itroaks cvmmi spots with stmt ooims 
qf hk t l t mAeatotg Uptr du pl o e m n U 

ptrfmtAadar to c axu 

able an investigation of the distribution of intensity 
in reciprocal space u desirable The single-crystal 
photograph of zinc sulphide Ftguro / for example 
shows not only which reflections arc broadened and 
by how much, information obtainable from a powder 
photograph, but alio shows directly / that the 
mistakes arc layer displacements, and 2 which layers 
are displaced This additional information might 
be inferred from a powder photograph and a know¬ 
ledge of the crystal structure, but could not be directly 
verified 

STRAIN BROADENING 

In distorted crystals the size of the unit cell vanes , 
the derivation of Bragg's law shows that only the 
variation of the mterplanar spacing of the reflecting 
planes is significant m producing mcobemce of the 
scattered rays It must be emphasized that it u 
variation that produces the broadening, a uniformly 
expanded or contracted lattice (constant strain) 
would give displaced lines, not broadened lines 
Sinusoidally distorted crystals give interesting satellite 
lines 11 - 11 comparable to the 'side bands" resulting 
from modulation m electronic circuitry, but the study 
of various aperiodic distortions 41 - 41 , in the hope of 
throwing light on the state of odd worked metals, 
may be of more practical importance Perhaps the 
simplest of these is a bent costal lamella, Ftgt&o 8 
Such bent lamellae would arise, for example, m foe 
process of' kinking * described by E» Orowan 41 . The 
longitudinal stram at a distance x from foe central 
axis is x/R, rewltmg m a normal strain of — ox/Jt, 
where R it the radius of curvature and a is foe 
appropriate Po£s*ott*i ratio. ,The mterplanar spacing* 
of planes parallel to foe lamsila are thus 

-<*/*) .(15) 
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and the displacement! s(x) of the planes from their 
positions in the unbent lamella are 

m(x) «=■ o x*j2R (16) 

I he thickness T c of the coherently reflecting region 
u given in order of magnitude by 

(a 7J)/(2*)~d/2 

r.^tWW* (17) 

Ihe intrinsic peak intensity is therefore given by 
P t ~{T'ld)*^RIed ( 18 ) 


The total intensity, however, remains T/d t so that 
the intrinsic integral breadth is 

T ad aT 


A ~ 


d 


( 19 ) 


lamgllA will not give distortion broadening, since this 
condition will not be fulfilled , in fact if the above 
ratio is much less than unity it will give particle* 
size broadening with 

4 ,=pA/ 7 cort .(a 4 ) 

For intermediate values of the ratio there is a com¬ 
plicated transition from one form of broadening to 
the other 41 

Equations 90 and 21 have the form 

Pf ~ s^tanfl (95) 

where # M u the maximum strain in the direction 
perpendicular to the reflecting planes, and there is 
a numerical factor of the order of 4 Hie maximum 
strain in a heavily cold worked material may be 
expected to be of the order of magnitude of the 
macroscopic yield stress divided by the appropriate 
value of Young’s modulus F r In cubic crystals the 
latter is given by 

{ Fr)uu “ *11 — — 2*44)// 

(26) 

where 

H = (M* + l*h « + A B *»)/(A» + A« + /•)• 

(27) 


Multiplication by 2tand gives for the breadth on the 
him 

[2aT/R)tuiB (20) 

The broadening is therefore proportional to t&nfl, 

and independent of A, in contrast with particle-size 

broadening, which is proportional to Aseifl As it 
stands, equation 20 applies only to reflections from 
planes parallel to the faces of the lamella For other 
planes it has been found 41 that 

fif (2T/il)|4 4 — ap % \ tanfl (21) 

where p is the cosine of the angle between the plane 
normal and the x axis and q is the cosine of the 
angle between the plane normal and a y axis chosen 
perpendicular to v in the plane of bending 

In deriving equations iG to 20 it has been tacitly 
aaumed that T 4 11 considerably smaller than T s« 
that coherence a liatfgl by the distortion, not by 
the thicknen of thenunella Hie condition for this 
to occur is that 

(ww/*) 1 < r 

which reduces to 

(oT^sm6)/AA ^ 1 .(22) 

The more exact analysis gives instead 

which differs only in introducing the direction 
p and q We see, therefore, that a sufficiently thin 

% 


hjcj are the indices of the reflection and J X i>Jurr«4 
are elastic constants If the yield stress Y does not 
vary greatly with direction, the broadening should 
be given by 

¥{*xx “ *(*11 “ *is “ fo 4 t)^f}tanfl 

(28) 

A R Stokes, K J Pasgob and H Upson 44 , and 
H D Megaw, H Upson and A R Stokes 41 - 44 
have found that this equation is in quite good 
agreement with experiment, but G S Smith and 
E F Stigklby 4T found only qualitative agreement 
A- R Stokes and A J C, Wilson 4 * and N M 
Blaghman" have discussed the relations between 
broadening and indices of reflection to be expected 
on other aaumpbons regarding the relationship 
between stress and strain All are of the same 
general type as equation 28, but the way in which 
H and the elastic constants enter is different The 
experimental reuilts so for have not been sufficiently 
accurate to decide which 11 the closest approximation 
to the actual state of a cold worked metal 

It would not be fair, however, to end this section 
without remarking that W A Wood and W A. 
RAcmfota 44 -* 1 do not accept the view that hue 
broadening by cold worked metals is due primarily 
to lattice distortions They prefer to interpret the 
broadening in terms of a crystallite sue, and it 
happens that their crystallite sues ate the right order 


of magnitude to fit m with Bragg’s theory of the 
89 # 
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strength of metali 11 * 14 H Iipson and A R 
Stokes* 1 have disputed Wood's evidence, and the 
question remains in a rather unsatisfactory state 

Tilt author thanks Dr R L Griffith, Research Laboratory, 
Eastman Kodak Company, Rochester, M T, Jor permission 
to reproduce Figure 7 * 
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Absorption of Sound by Porous Materials 

Dr G ZWIKKER 

N V Philips' Gloedampenfabneken, Eindhoven, Holland 


Sound absorbing materials are employed for the 
control of reverberation in auditona, in order to 
provide appr op riate conditions for satisfactory hearing 
of speech and music, and for the reduction of noise 
The design of such materials has often proceeded 
largely along empirical lines based upon direct 
measurements of sound absorption Theoretical con¬ 
sideration of the mechanisms by which sound is 
absorbed provides a better insight into the manner 
in which various physical characteristics of a material^ 
may influence its sound absorbing properties, and 
leads to a more scientific basis of design 

Absorption of sound by the wails of rooms may 
be brought about in three essentially different ways 
First, glass panels and wood partitions may absorb 
the sound because they are set in motion by impinging 
sound waves, the motion being damped principally 
along the edges of the panels, thus transferring sound 
energy into heat A second mechanism is that pro¬ 
vided by resonant cavities, the necks of which offer 
resistance to the vibrating air, by which again sound 
energy is dissipated 1 The thud mechanism is the 
one shown by porous materials and this article is 
devoted to it Almost all materials that have been 
marketed as special sound absorbing materials belong 
to this class Combinations of porous materials with 
perforated front walls of non-porous material are not 
uncommon In these pure porosity effects are com¬ 
bined with resonance effects Lack of space prevents 
us however from including these m this review 

We shall farther restrict ourselves to the case of 
sound waves impinging normally on a wall of infinite 
dimensions It is frequently poaible to deduce the 
absorption at oblique incidence* by substituting 
K cos p for i in the formulae, where c is the specific 
acoustic impedance (to be defined later) of the wall 
material and <p the angle between the normal and 
the direction of propagation of the incident sound , 
z characterizes the material as regards its acoustical 
behaviour including i^ind absorption As z cos 9 is 
generally smaller than t the wall is ‘ softer ’ for oblique 
incidence and as a rule absorbs more The absorption 
coefficient for random incidence th erefore is greater 
than the absorption coefficient for normal incidence 
A value of 1 4 for this ratio 11 a representative one 

As regards the second restriction, it may be men¬ 
tioned that the afawrption per unit of area is not 
constant, small samples as a rule absorbing relatively 
more than large samples Thu ts due to diffraction 
effects along the edges of the sample Although 
the absorptive power of wall treatments u usually 


r»ln>Ufa>H from the areas A % of the different parti o 
the wall and their absorption coefficients 4 by adding 
the products A&, more accurate measurements have 
proved that this u only a first appraomation. A com¬ 
parison, Figure /, of measurements of absorption 
coefficients by reverberation methods performed in 
different laboratories reveals discrepancies that have 
to be explained by the differences m shape of test 
rooms, arrangement of material and size of samples* 


INTERFEROMETER AGOUBTXG IMPEDANCE 

The influence of size of the test sample can be 
avoided by measuring the materials by inte rfe rometer 
methods 4 In these methods sound waves move to 
and fro in a cylindrical tube terminated at one end 
by the test sample, and in one method the sound 
pressure u measured along the standing wave syitexn, 
the ratio of the and minimum values 

together with the location erf these extremes being 
the data from which the acoustical impedance of the 
sample can be calculated, Figure a 

The pressure at the position x at ume t can be 
exp r essed by (the real part of) 

«P Mt-*l e »)+Pr atpjcu(<+ xlct+A/m) 

The first term repre sen ts the incident wave of 
amplitude p„ angular frequency 0 and propagation 
velocity c a The index , refers to free air The 
second term represents the reflected wave Its ampli¬ 
tude is p, At x — 0, which u taken to be the location 
of the sample, a phase shift of J radians u shown 
From the measurement of p for all values of jc the 
constants p,, pr and d may be determined 
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For the particle velocities in the standing wave 
system a similar formula applies and it is necessary 
here to subtract as the velocities add vertonally 

o(x ,0 —V, exp jcd(<— x/c 9 ) —v r expjfl)(i +*/*,+ Ajo) 

In both incident and reflected waves, taken separately, 
pressure and particle velocity are in phase with earh 
other , this applies for all plane waves in free air 
(compare p 409) and their quotient is constant in 
time and called the wave impedance w 9 

»♦ “ Ptl*, - Pr/*r (l) 

At the surface of the sample, and we have, 

in particular 

Pity - (P. + Pr «P jA) exp jot ( 9 ) 


v(ty =* (v, - v r cxpjA) expjeot (3) 


and from equations 1, 9 and 3 the quotient of p and 
v at this position is found to be 


^p i + p r expjJ 
p,- Pj( expjd 


(4) 


which will be called the acoustic impedance of the wall 
This quantity will in general be complex and this is 
another way of saying that the two quantities repre¬ 
sented by numerator and denominator are not in 
phase Am ft, & and A are measured m the inter¬ 
ferometer and w 9 is known, z may be considered as 
also being known Inverting the last formula 


Pi Z + w % 

which quotient is called the complex reflection co¬ 
efficient The square of its absolute value is the 
ratio of reflected to incident energy and the absorp¬ 
tion coefficient is the complement of this ratio 


a 



Z — w 9 
Z+ w 9 


( 6 ) 


Knowledge of Z thus automatically involves know¬ 
ledge of the sound absorption coefficient 


WAV* 1UPXDANG* AND PROPAGATION 
OONSTANT 

The acoy rt i c impedance of a layer of a certain 
thicknen will be a Auction of this thicfcnea / and 
furthermore wiU depend on what lies at t^e back of 


the layer The nature of the backing will be irrelevant 
for a layer of infinite thickness, when the impedance 
is called the wave impedance w In contrast to z 
which is dependent on the thicknea, w is a specific 
quantity determined purely by the nature of the 
material A second specific quantity is the propaga¬ 
tion constant y As a wave moves forward through 
the medium it will be damped exponentially, so that 
the pressure 11 represented by 

p =■ constant X expjto(t — xfc) X exp (—0*) 

(7) 


where a is called the attenuation constant Re¬ 
arranging the factors it is seen that p — and in an 
infinite medium v also—contains the factoi 

e*P [ - {« + ./(»/*)}*] 

Denoting w/c by fi, the so-called phase constant, we 
take a +jP together as y, so that p and 0 are both 
proportional to exp (— yx) 

We shall now proceed to calculate the impedance 
of a layer of thickness /, backed by an arbitrary 
impedance z % at the far end, Figm 5 The presmre 
in the standing wave system within the layer will be 

p - [p, exp {->>(*-/)} 

+ Pr exp { — r(J - *)} e*p Jj] exp jot 

'' ^ 

and the * velocity' will be 

» — [», exp { — y(* — /)} 

- v f exp { - y(l - *)} exp^J] expja(t - X H 

(9) 


Velocity is quoted above because by this word is 
meant the volume of air moving in unit time through 
unit area and, in a porous medium where part of 
the volume is occupied by the solid material, this is 
not the same as the actual velocity of the air Fur¬ 
thermore, a phase difference % was introduced 
between pressure and velocity of each partial wave 
In other words the wave impedance 

w r Pt _ P> cxpjX expjx 

», Vt Or Vf 
is supposed to be complex Following the manner 
of deducing equation 5, it is now found that 

p, expjA ^Zt — w 
~Pt z t + w 

Introducing the last two equations into the formulae 
for p and v and looking m particular for the values 
at x >■ 0, then 

Pi - p£expy/ + £LTLi?«qp»(- expjorf 
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from which 


pi i t cosh yt + wiinh yi 

v t jg| unh yl + ivcosh yl 

and thu 11 the general relation between z% and 

Interesting cases are those where z§ = • (hard 
back wall) and where e, » 0 (for the realization of 
which see below) It u found that 

for 00 ii («) a wcotanhy/ 

for Ci “ 0 C| (0) -= w txnh yl f ^ 2 

so that from measurement* of Zi (») and Zi (0) (in 
electrical language, the input impedances for open 
and short-circuited transformer secondary respec¬ 
tively) w and y can now be calculated separately 

w* - *1 (») Ci (0)» F* “ *1 (0)/ci (») 

(») 

If the layer consists of air, for which the wave 
impedance u> 0 is real and y is purely imaginary, it is 
found that 

Cl(®) =■ cot (ol/c % (ia) 

and thu providei an impedance of zero for certain 
values of the thickness / of the layer, namely if 
i » ( 2 n + 1 ) quarter wavelengths The artifice of 
backing a layer of an arbitrary material by zero 
impedance u therefore to provide a clearance of a 
certain thickness between the back of the sample 
and a hard wall 


DENSITY AND BULK MODULUS 


It has been shown in the foregoing sections how the 
specific quantities wave impedance and propagation 
constant can be determined expenmen tally and how 
they are connected with sound absorption Alter¬ 
natively, these quantities can be deduced from other 
specific quantities that are not primarily of an 
acoustical nature As an introduction consider free 
air The equation of motion for the particles m a 
longitudinal wave u 


¥ 


to 



where g 0 u the density (specific mass) 
of continuity is 


(13) 

The equation 


1 }P 

to-K.Vt 


(14) 


where JT, u the compression (or bulk) modulus. For 
a sinusoidal wave 


Ifox » — y 'bfbi — jto 

so that the equations can also be written in the 
forms' 


(> 3 «) 

( 14 *) 


from which 

y* mm — ©* gt/A*and therefore c *■ — AV/gs 

••••(> 5 ) 

and 

w # — g*A“ 0 (16) 

and it u seen that y u purely imaginary (a = 0) 
and that m is real 

Now for air enclosed in a porous material, altera¬ 
tions must be applied to the equations erf* both motion 
and continuity, due to internal structure, viscosity 
and heat conduction The two last mentioned effe c ts 
are responsible for the transformation of sound 
energy into heat and consequently for the sound 
absorption 

In what follows generalized equations of motion 
will be deduced in which in addition to the inertia 
term in to/tt on the right hand side of equation 13 
there will be a fhebori term in v Now as 
v = (1 1 jo}) (hvfbt) the right hand side can be written 
as 'bp/'bt multiplied by a complex number which will 
be called the complex density q In a similar way the 
equation of continuity has to be modified in general as 
the rate at which the volume changes 'bvl'bx depends 
not only on changes of pressure, as expressed in equa¬ 
tion 14, but also on temperature changes This leads 
to a generalized complex bulk modulus if, taking the 
place of A’t of equation 14 In the generalized case 
wave impedance and propagation constant will be 
deduced in a way similar to that followed to obtain 
equations 15 and 16 

y 1 “ " ®* c/A" (17) 

w* — g k (18) 

Both w and y will m general be complex 

Hie complexity of g is attributed to viscosity 
effects, that of A to temperature effects Some 
doubt a* to the correctness of thne assumptions may 
be felt and justification is required This is possible 1 
but having regard to the space available they will be 
taken for granted 

CIRCULAR PORKS 

If air vibrates parallel to a plane wall, the air m 
contact with the wall will remain at rest and on 
account of viscosity a layer of a certain thickness 
will be influenced by the proximity of the wail and 
will vibrate with a smaller amplitude than layers at 
greater distances Assuming approximately a linear 
variation of the velocity with distance from the wall, 
the viscosity force on a layer of thickness 6 will be 
ty/d per unit area of wall, where 17 stands for the 
viiconty (171 x io~"cgs units for air). Compare 
this with the inertia force exp er ienced by the same 
layer 


yp-JOQ'O 
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Both forces will be of the same order of magnitude if 
a *»tiitoQi (19) 


and this S is a good value for the depth of the layer 
that we may look upon as hindered in its motion 
by the wall 


Now let air vibrate longitudinally in a cylindrical 
conduit Whether the gas in the centre of the conduit 
will experience some influence from the wall will 
depend on whether the radius R of the conduit is 
smaller than d or not As a useful dimensionless 
parameter we therefore introduce the ratio of R to 6 

fi = Rfd ■=■ (» (flo) 


which for a certain type of conduit will run from 
low to high values if the frequency does the same , 
note that it varies as the square root of the frequency 

For sufficiently low frequencies (or for sufficiently 
narrow pores) <5 J 2 and we have to deal with 
Poueuille*! law, completed with an inertia term 


¥ 

to 


R ■ 


, 4 


do 

ir 


00 


It may strike the reader that the factor 4/3 has also 
been added Thu u a consequence of the fact that 
the velocity distribution over the cross section of the 
conduit u parabolic In this equation v represents 
the average velocity The complex density is 

4 4 /, 6 \ / s 

8 '*7 (M) 

If on the other hand d<^R (high frequencies or 
wide channels) there u only a relatively thin viscosity 
layer and Poueuille** law no longer applies Instead, 
a flow law due to Helmholtz u valid, Ftgvn 4 

~ < a 3 > 


with a complex density 

e + *{-./Vm)] 0*4) 

The general problem of finding the value of $ for 
all intermediate values of fi has been solved by 
J B Crandall* and the result is 


tf 



J.W-jW 


(95) 


where and J x are Bessel functions The contour 
of q m th^ complex plane u shown in Ftfttrt 5 
For the bulk tnoduHb it u relatively 4 simple to 
indicate its values m the two limiting casq of very 



low and very high frequencies At low frequencies 
there is sufficient time for heat exchange between 
gas and wall and the process will be isothermal 
I he bulk modulus can then be calculated fjrom 
Boyle’s law 

dp ^ dQ 

P% (ft 

giving 

K “ <?• 77 =* p9 

dg 

At high frequencies the temperature changes of 
the gas will follow each other so rapidly that there 
» hardly any heat exchange with the wall , the 
process is adiabatic and Poisson’s law holds 

0 > <?• 

where h 11 the ratio of the two specific heats c p jc B , 
h has the value 1 4 for diatomic gases like air 
Obviously 

K ■ 

In both these limiting cases prewure and density are 
in phase In intermediate conditions however the 
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gu will, for the tame value of pressure, be hotter 
during comprcwoa than during expansion and the 
density will be smaller during the former The p/e 
diagram is elliptic m shape, p and Q are out of phase 
and the bulk modulus a complex It is shown as a 
function oi ft in Figure 5 and the general formula u T 


AT 



8(« ~ 1) 

Bp(-j)* MBmC-j) 1 ]) 

(26) 


where B ■= (1 ptCp/X)* and X —> heat conductivity B 
u dimensionless and for air and other diatomic 
gases is equal to o 86 If it were exactly unity, the 
tame function of ft would have been found in the 
formulae for both q and AT, namely 


D(ft) 


__2 j.rxc- j)*! 


(28) 


Putting B * 1 deliberately only means a little shift 
along the AT contour Besides, as soon as real materials 
are considered, it will be found that the internal 
structure has such influence that a shift in the same 
sense has to be made Therefore, disregarding factor 
By we may wnte 

n „ _ K- -- 

9 l -£(/») l + (M-l)D(n) 

(28) 


D(jt) is complex and may be represented graphically 
in the complex plane, see Ftgurt 5 

It is not surprising that the same function of ft 
Influences both viscosity and heat exchange Each 
phenomenon is caused by thermal diffusion of gas 
molecules and one cannot manifest itself without the 
other 

For the regions of either high or low values of ft 
relatively simple formulae may be derived for D(ft) 
by expansion of the Bessel functions Thus 

for low values of jt 

Z>- 1-0/8)^^)-* (* 9 ) 

for high values of ft 

( 30 ) 

With the help of these appro xi mations for D the 
corresponding approximations for q and IT may be 
calculated For q formulae 99 and 94 result, while 
for AT we are led to the following 
for low values of ft 

1 )/*] (30 

for high values of ft 

(s«) 


INTERNAL STRUCTURE 

Formula 98 would apply directly to a wall with a 
'honeycomb structure* fa term introduced by 
Lord Rayleioh) if the partition walls between the 
cells can be considered very thin If the axes of the 
cells are placed obliquely with respect to the front 
surfhee so that they make an angle p with the normal, 
there will be room for only cos p tunes the number of 
cells that would be present with perpendicular axes 
Moreover, along the direction of the axis the pr es sure 
gradient will be smaller, the factor again being cos 9 
The amount of air streaming in and out wifi be 
decreased and the apparent density therefore in¬ 
creased, the latter by the factor i/cos* p Thu factor 
will be called the structure factor and in general 
will be denoted by kf Where pores are running in 
all directions we shall have to determine an average 
value for x/cos 1 p and for random distribution of p 
this average amounti to k f 3 

There may be other reasons why the density 
seems to be increased If parts of the open space 
have the character of side cavities debouching into 
main conduits, that portion of air enclosed in these 
cavities will hardly take part in the air flow, the 
average velocity will therefore be too small and k' 
will contain a factor equal to the ratio of the total 
air content to that of the main pores Finally parts 
of the solid material might vibrate together with the 
air, again giving rue to a contnbuuon to £' It 
appears that for practical materials k' may take all 
values from 1 up to 15 

The comprmibdity u for leu influenced by this 
internal structure than the density If the side 
cavities debouch into the mam pores through narrow 
conduits of high resistance, it may be expected that 
at higher frequencies these side cavities would become 
inactive as a buffer volume, so that AT would increase 
with frequency During transition from activity to 
inactivity the ode pores might even make a complex 
contribution to AT If, however, this particular case 
does not occur, the internal structure has no influence 
on the comprewbility and this will be taken as the 
common condition 

A porosity deviating from unity will influence both 
the apparent density and the compreanbibty Since 
9 denotes the volume displaced in unit tune through 
unit area, it will be directly propor tio nal to the 
porosity A, which in the equation of motion is 
accounted for by multiplying q by i/A and m the 
equation of continuity by multiplying AT by the same 
factor In order to be applicable to real porous 
materials, formulae 98 for f and AT have then to be 
modified to 

g h jf— * _ "t* 

* A H 7 B 5 ) A 1 + («- 1 )D(jb) 

’(33) 
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Introducing these values into equation* 17 and 18 
it is found that the propagation constant is propor¬ 
tional to y/K and that the wave resistance is pro¬ 
portional to ‘s/k'lh 

The effective pore radius R\ which must be known 
in order to calculate ft for all frequencies, is deter¬ 
mined from the resistance offered by a layer of unit 
thickness to a continuous stream of air This resistance 
per unit surface area follows from equation 91 by 
disregarding the inertia term and by introducing the 
factor k'jh 

specific flow resistance a — {k'jh) (fy/ff'*) 

( 34 ) 

In structures with side cavities the condition may 
occur that the radius of the cavity, considered as a 
sphere, is much greater than the radius of the pores 
carrying the stream It is then possible that the low 
frequency (isothermal) value of q has to be combined 
with the high frequency (adiabatic) value of K As 
ft is determined from flow resistance at low frequency 
it would mean that the value of ft to be used for the 
calculation of K has to be increased and that it may 
be necessary to make a shift along the K contour in 
the complex plane In all practical materials a shift 
of this nature will be neceury, although generally 
a small one This was anticipated when the value 
unity was substituted for the constant B In view 
of the complexity of the theory and the small influence 
of an eventual shift on the results there is little sense 
m looking for a better approximation than the one 
obtained by simply putting B =» 1 

ABSORPTION COEFFICIENT 

With the above considerations the acoustic behaviour 
of most porous materials can be explained adequately, 
the material being characterised by its porosity, 
specific flow resistance, structure factor and thickness 
Unfortunately there is no method of measuring 
structure factors other than acoustically so that a 
prediction of the acoustical behaviour entirely from 
non-acouitical measurement data is not pooible 

Fifttrw 6 shows absorption coefficients determined 
by the interferometer method of a number of 
materials for which agreement between theory and 
experiment is established The specific data are 
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For the regions of low and high frequencies 
relatively simple formulae may be dentod starting 
from die approximations for D, equations qg and 30 



above, first leading to the approximations for q 
equations 92 and 94 and then tor A* equations 31 
and 32 Irom these the wave impedance and 
propagation constant are evaluated, at the same time 
introducing h and k' 


for low frequencies 

y* 

w* 

for high frequencies 

/*> 1 y* 


te* 


a>‘ tt'g. 

P • 

j_a*' 
~ J li* A 1 


QtP* 



For the function cotanh yl t occurring in formula 10 
1 for c, there are the following expansions 

for low frequencies 

cotanh yl =* —-f 

yl 3 

for high frequencies 

cotanh yl 1 


As a consequence of all this the impedance at low 
frequencies of a layer of thickness / will be 


7 /W s A 


(33) 


The first term is large and imaginary, the second 
term is real and independent of frequency, as ft* is 
proportional to m 

Calculating the absorption coefficient with the 
help of 
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reveals for low frequencies 


a 



/» 


4 . OtL- h*al*u>' 

8 #«e,* 


( 36 ) 


It a seen that at low frequencies a starts as a 
parabolic function of frequency 

In the limit at high frequencies it is seen that the 
propagation constant tends to become purely 
imaginary and, as / becomes large with respect to 
wavelength, this case can be treated as that of the 
reflection of waves coming from a medium with wave 
impedance (the free air) on to a medium with 
wave impedance (y/k f /h)Q^c 9 The absorption co¬ 
efficient here is calculated from 


1 - « = [(V* # - h)f(y/k' + A)]* ' 

( 37 ) 

and with the help of this formula it is possible to 
determine k' for a material of known A from the 
measurement of the absorption coefficient at high 
frequencies 


ELASTIC FRAME 


A number of materials cannot be covered by the 
foregoing treatment and this is due to vibrations m 
the solid frame itself Although the frames of all 
materials are to a certain degree elastic this point 
can be disregarded for acoustic plasters, wood fibre 
boards and even for felts Thu u not so however 
for rubbcr-like skeletons 


In these examples both solid material (mdex 1) 
and enclosed air (index S) vibrate with a certain 
mutual coupling The oquations of motion are, 
again using generalized densities 




where p\ and p % are the forces par umt area of cross 
section exerted on the frame and on the air respec¬ 
tively , r 11 a coupling coefficient, taken at the same 
value in both equations because of the law of action 
and reaction For o, the second equation 
should become identical with formula 21, corrected 
for A and k\ cj formula 34, so that 

4 ft'- I , , 

SnJO> 3 A -( 39 ) 


/ therefore is a function of frequency 
of continuity are 


*Pt 


ft 



Vi 





The equations 1 


(40) 


After substituting jea for bfbt and y for — bfbx, 
and after elimination of all p*% and v’s, an equation 
for the propagation constant u obtained 


U)‘- U)T 
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the roou of which are J_ y' and ± y" The ± sign 
relates to the two directions of propagation and in 
any direction two different values of y may be 
found, that u two waves moving with different 
velocities This is not to be understood as indicating 
that the solid material 11 the earner of One wave 
and the air the earner of the other On the con¬ 
trary both skeleton and air carry two waves Four 
wave impedances can be distinguished co/ and 
w" for the frame and w% and w % " for the air These 
wave impedances can be calculated from the equa¬ 
tions of motion, the equations of continuity and from 
conditions at the layer boundanes * 

The behaviour of the system in general cannot 
be described in a few words, but it is possible to say 
something for the limiting cases of very tight and 
very loose coupling In the first, the material will 
behave as one with a density 0, + Q t and a bulk 
modulus K x + K % and the absorption characteristic 
will not differ substantially from those spoken of m 
the last lections However, loose coupling 11 more 
interesting Now one of the waves, say y", may be 
considered as the modified air wave and the second 
y as the modified skeleton wave The material 
behaves as consisting of two impedances, in parallel 
if the front surface is open, and in senes if the front 
surface is dosed by a light and impervious membrane 

Of these two again only one is interesting, namely 
the one with the closed surface The skeleton of a 
material with open front surface will hardly be in¬ 
fluenced* by the incident sound waves because of the 
small area that is exposed Such a material with 
slight coupling will therefore behave scarcely 
differently from the corresponding material with 
ngid skeleton With a dosed front surface however 
the frame will have to bear a considerable part of 
the external load and it will have an opportunity to 
be set into vibration Because of the differences in 
the two y*s the skeleton wave and the air wave will 
help each other at certain frequencies and at other 
frequencies counteract each other, thus producing 
exceedingly low total impedances for oertam fre¬ 
quencies, accompanied by exceedingly high sound 
absorption for these same frequencies The absorp¬ 
tion characteristic now no longer shows the con¬ 
tinuous me of FigMH 6, but pronounced resonances 
may be shown Flgm* y shows the influence of 
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closing the front surface These measurements were 
performed on a sponge rubber called Lotted of specific 
flow resistance 20 c g s units , the cover consisted of 
a layer of cellophane of o 1 kg/m* 

For materials like Lotted the enclosed air u suffer 
than the rubber skeleton and it is possible to make 
them more alike by backing the material with a 
layer of air Better compensation of the impedances 


can now be anticipated, resulting in very high ab¬ 
sorption at low frequencies, see Figure 7 To get nd 
of the sharp peaks one may apply materials of in¬ 
homogeneous composition or use inhomogeneous 
mounting * 


CONCLUSIONS 

rhe author hopes to have made clear that sufficient 
knowledge of the fundamentals of sound absorption 
is available to enable engineers to develop adequate 
materials 

A problem left open for future research u the 
correlation of sound absorpuon as measured by 
reverberation methods with the data obtained from 
interferometer methods 
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Applications of Amalgam Metallurgy 

H HOHN, Dr phil 

Institute of Inorganic Technology, Teehntsche Hochschulc, Vienna 


A 11 a loam metallurgy was reviewed as a new con¬ 
cept m a previous article 1 which showed how the 
techniques associated with it were devised and which 
then outlined the most important properties of 
amalgams from a technological standpoint, the 
affinity of metals for mercury being one of the chief 
features 

It is useful to divide amalgams into three gro u ps 
according to their technical appficabffity, which can 
be designated by naming for every group one 
characteristic metal as the iron, tme Mad sodium 
types This den ss o n co rres ponds to three diffamt 
d egr e es of affinity w*h me r cury, and*it n sOrfkmg 
that'the metals having good solubility* p mercury 


occupy places next to mercury m the periodic table, 
both horizontally and vertically, this indicates a 
co rre l ation between miscibility ami the structure erf 
the outer electron shells, Figure 1 It should be noted 
here that the amalgam technique in metallurgy is 
concerned almost entirely with easfly flowing amal¬ 
gams, either true solutions of metals in mercury or 
very dilute amalgam sludges which in outward 
appearance and flow properties are scarcely dis¬ 
tinguishable from pure mercury the metals are 
handled m the flowing state at room tempoature 

Various selected techniques will now be reraewed 
in turn 
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Ftgun 1 Amtlfam fomatoo* m rtUtm t* tl* ptruxhc dass^ficetum qf tltmads 


TECHNIQUES BASED ON PROPERTIES 
OV THE AIIALOAM 

ExampU qf ajiUratom pmctss • * ixtractum qf aiumumm 
from 4 AlFcSi *— Separation methods based on differ¬ 
ence! of solubility, such as filtration, decantation and 
the like, are amongst the most usual and important 
operations of industrial chemistry The only methods 
of a similar nature used in metallurgy are the crude 
methods of refining jpetals like the separation of 
silver from copper tbftich have a low separating 
power Separation of metallic systems by means of 
filtration is, on the contrary, so unusual and so 
utterly alien to the metallurgist that I J. Founda- 
untSKY and H Loevenstein, who were perhaps the 
first to conceive the principle of applying filtration 
methods to metallurgy, have patented it 1 ; among 
other ponbditKi they pr op med the use of molten 
lead, molten zme and mercury as solvents for the 
extraction by selective dnsolution of individual 
metallic components from metallic systems. 


During the 1939-45 war these ideas were taken 
up by the Eula Works m Saxony (Walter Schmidt) 
and by the I G Farbenmdustne A G at Bitter field 
(Meaner) with the aim of developing a low energy 
consuming process of aluminium extraction The 
raw materials were either light metal scrap (available 
m large quantities from shot-down aircraft) or the 
so-called * AlFeSi*, an alumino^ferro-sihcon obtained 
by thermal reduction of certain aluminous silicates 
in a similar manner to fcrro-silicoo The process 
11 based on the considerable solubility of aluminium 
in mercury at high temperatures and the insolubility 
of iron and silicon On coding, aluminium crystallizes 
out, being practically insoluble m mercury at low 
temperatures The filtration is therefore double, 
once at high temperature and once again at low 
te mpera ture, resulting in a high degree of separation 
and purity 

The solubility of alumguum m mercury only 
beg in s to be appreciable at temperatures well above 
the boiling point of mercury under at m os ph e r ic 
pressure (soluhffity 0 001 per cent at 25°C, 0*17 per 


* Tbe author baa no personal 1 


1 of the flat two 
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Figurt a Extraction of alurmnatm from mercury 
under pressure A mtaxe , B double pressure lock, 

C tubular screw corweyor, D heating jacket, E con¬ 
veyor motor, F c e r amic filter, G ascending tube, 

H descending tube, I mercury pump 

cent at 3oo°C l 10 per cent at 550°C) It u therefore 
necessary to operate at high premure Figure a shows 
schematically an apparatus devised by G, Mbssnkr 
T he necessary pressure of 15 atm is obtained by using 
two upright tubes each 1a m high w which the mer¬ 
cury circulates, ascending in one and descending in 
the other The raw material enters at low level 
through a pressure lock It is borne by a screw 
conveyor against a stream of superheated mercury 
coming from the descendi n g tube At the bottom 
of the ascending tube there is a ceramic filter pre¬ 
venting the passage of insoluble materials , the 
dissolved aluminium crystallizes out as the ascending 
mercury cools, and floats on the surface of the 
mercury in the container at the top of the ascending 
tube where it is collected The bottom of the descend¬ 
ing tube has no filter and die insoluble components 
being lighter than mercury rue against the current 
and float on the surface of the mercury m the con¬ 
tainer at the top of the descending tube, where they 
are collected 

The mam attraction of this and similar methods 
lies in the low energy consumption The extremely 
high energy consumption of the usual electrolytic 
methods of aluminium extraction, using a molten 
electrolyte, u the mam problem of the aluminium 
industry, at least in Central Europe In spite of the 
building of new thermal and hydraulic power 
stations the energy demand increases more rapidly 
than the supply Aluminium works reauure a par¬ 
ticularly heavy capital outlay, 1,000 jgdb\ marks per 
ton of yearly production as compared with*6o to 100 


gold marks per ton for carbide works or with fto gold 
marks per ton for superphosphate works A par¬ 
ticular disadvantage, th er efore, 11 that they can 
frequently only be opera te d in summer when supply 
is abundant and have to close down in winter due 
to lack of energy 

Energy consumption m the usual molten electrolyte 
process is about 90 kwh per 1 kg of aluminium, but 
experience gained at Bitter field would indicate an 
energy consumption of o 9 kwh plus a 7 m # of 
generator gas per 1 kg of aluminium, this a ob¬ 
viously of very great importance It should, however, 
be mentioned that the process has not yet gone 
beyond the experimental stage The greatest and, 
perhaps, a decisive difficulty, at least for 1 AlFeSi ’, 
is that a considerable proportion of the aluminium 
forms alloys with the components which are in¬ 
soluble in mercury and so does not take part in the 
procea 

Extraction of metallic sodtum, a special case tf the alkali 
Monde electrolysis process — Many attempts have been 
made, especially in the U S A , to replace the Downs 
process of sodium extraction, which presents con¬ 
siderable difficulties, by a process based on the use 
of mercury During 1939-45 similar experiments 
were made in Germany in a smaller plant of the 
I G group m Bavana 

The Downs process* u an electrolysis of molten 
sodium chloride and therefore operates at very high 
temperatures Like all molten electrolyte processes 
it has a much higher energy consumption (14 to 
16 kwh per 1 kg sodium) than the aqueous electrolytic 
processes Owing to the exceptionally high under 
voltage of sodium at a mercury cathode it is easily 
possible to extract metallic sodium, which otherwise 
reacts with water, from an aqueous solution on to a 
mercury cathode (4 5 kwh/kg sodium) and this pro¬ 
cess has long been in use industrially in the form of 
the mcrcury-cathode electrolysis, the electrolyte being 
a sodium chloride solution But while it is com¬ 
paratively easy to break down the sodium amalgam 
by means of water and a graphite catalyst into sodium 
hydroxide solution and hydrogen gas, as is done 
in that process, it is technically much more diffi¬ 
cult to extract metallic sodium from the sodium 
amalgam 

Thu extraction has been attempted by two different 
processes, both typical amalgam metallurgy tech¬ 
niques One process u based on the removal of 
mercury by thermal distillation The other u baaed 
on an electrdytu m an auxiliary electrolyte of molten 
salt which u not used up, the sodium being transferred 
from the amalgam on to a sobd cathode on which it 
u deposited m molten metallic form 
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In favour of diitillatKm u the fact that iron is not 
attache d either by hot mercury or by hot sodium 
1 $ iron distilling apparatus can therefore be used 
The Reparation u, however, difficult because even at 
a temperature at which sodium begins to evaporate 
it is not entirely free lrom mercury A displacement 
process u therefore used, displacing sodium from the 
amalgam by metallic calcium which has an even 
greater affinity for mercury than sodium (see ref 1 
Ftgun i) and displaces the sodium without mixing 
with it even at high temperatures Owing to its high 
boilmg point, calcium can easily be recovered by 
distillation of the mercury 

Hie anodic transfer electrolysis makes use of a 
molten electrolyte with the lowest possible melting 
point t g sodium bromide-sodium hydroxide, m pt 
a6o°C As with all electrolytic processes using a 
soluble anode, the energy consumption is low The 
metallic sodium n deposited on an iron wire net 
cathode and rises to the surface, the sodium amalgam 
has a very high specific weight and stayi at the bottom 
of the cell, below the molten electrolyte The metallic 
sodium is removed from tune to time 

Amalgam electrolytic processes using molten elec¬ 
trolytes may also become important for the extraction 
of aluminium , aluminium amalgam is immediately 
decomposed by water and so electrolysis m aqueous 
solution is not available A few years ago laboratory 
experiments were made on these lines at the I G 
works at Leverkusen, using the sodium chloride- 
aluminium chlonde mixture which has an excep¬ 
tionally low melting point 

ExampU qf wnp+Uctrofysu proasstng one alloy scrap — 
The recovery of various metals from scrap is often 
of great importance For example, for aluminium 
the quantities of metal recovered from scrap amount 
to about one fourth of the total supply, and for tin 
and lead to about one third For iron, particularly 
in countries like Italy and Japan which have little 
coal, regenerated metal may amount to as much as 
ope half of the total consumption In war time or 
after catastrophes the nap cycle increases consider¬ 
ably w volume so that the quantities of regen er ated 
metals may be equal to or even greater than the 
quantities of new metals extracted from ore 

Regenerated metal obtained from melted down 
scrap is always cheaper and of poorer quality than 
new metal obtained from ore because its impurity 
content is higher and more irregular It 11 for this 
reason that the scrap cycle of xmc alloys m only 
about 10 per cent of the total volume, Owing to 
the development of spray casting, for which these 
aUoys are partcubufy well suited, the low volume 
of the scrap cycle pr es e n ts a serious problem for the 
metal industry The alloys used for spray casting 


consist of a base of purest electrolytic sine and 1 to 
15 per cent, usually about 4 per cent, of aluminium 
and o 3 to 4 5 per cent, usually about 4 per cent, 
of copper, but they must be absolutely free from 
certain impurities which are often unavoidably in¬ 
troduced with melted down scrap 

Amalgam metallurgy made it possible to develop 
a very simple and economical process for obtaining 
purest zinc and the admixture metals, separated and 
in a readily usable form, starting from scrap alloy 
The scrap is degreased and then dissolved in mercury 
in the presence of dilute sulphuric acid The alu¬ 
minium contained m the scrap alloy reacts with the 
water and is finally recovered in the form of pure 
aluminium sulphate crystals , the other alloy metals 
do not react with the water Ihe iron and copper 
contained in die alloy are not dissolved in mercury 
and can be separated from the liquid zinc amalgam 
by filtration , they are obtained in the form of lron- 
yinr amalgam r^ppur-ginr amalgam The former 
is magnetic in spite of its high zmr content and 
sometimes the two can be fairly completely separated 
by magnetic means , the alloys are obtained m 
powder form by the distillation of mercury The 
less reactive accompanying metals, such as tin, lead 
and cadmium, are gradually accumulated in the zinc 
amalgam The zinc is obtained by electrolysis in a 
pure acid zinc sulphate solution which is not used 
up, the amalgam being the anode The cathodes 
are of aluminium The deposited zinc is of 99 999 
per cent punty 

Ftgun 5 shows the cell used in this process, which 
u a further development by £ Kins, Duisburg, of the 
vertical cell devised by W Honsbbbo of Ludwigs- 
hafen The main features of this cell are the slowly 
revolving iron disks of 3 m diameter, plunged half 
into the amalgam pool and half into the electrolyte 
Passing through the amalgam the disks are amal¬ 
gamated and this gives to the anodic amalgam the 
vertical post non necessitated by the vertical cathodes 
This is an elegant solution of an important problem 
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of amalgam metallurgy The circulation of the 
amalgam between the scrap dissolving pool and the 
anodic cell, the speed of revolution of the anode 
disks and the current intensity per unit area, must 
be determined in such a way that a relatively small 
proportion of the sine (the zinc content of the amal* 
gam should decrease for instance from is to 20 
per cent) is removed from the amalgam in the anodic 
cell while it must be constantly replenished from the 
dissolving pool Here, owing to the third law of 
amalgam potentials 1 , the accompanying alloy metals 
which had pa tied into the amalgam (tin, lead, 
cadmium etc) do not pass into the electrolyte even 
as traces This automatically ensures the excep¬ 
tionally high punty of the zinc even if a high 
proportion of accompanying alloy metals has 
accumulated in the amalgam 

The half wave potential of zinc amalgam having 
practically the same value as the normal electrode 
potential of zinc (see Table I, and rrf 1 Figure 2), there 
11 no fall of voltage to overcome at the electrodes 
Thu leaves only the slight electrolytic resistance of 
the electrolyte itself, which is a good conductor, so 
that the cell voltage is of the order oi 04V only 
The energy consumption 11 about o 35 kwh/kg zinc 
1 € about one ninth of the consumption usually 
needed for electrolytic zinc Contrary to other 
amalgam electrolysis processes, the amalgam here is 
not obtained by means of electrolysis and so the 
process may be called an amalgam-metallurgical 
semi-electrolysis It * scarcely necessary to mention 
that electrolytic refining without mercury eg with 
solid anodes made of melted down scrap, » entirely 
excluded because of the disagreeable effect of im¬ 
purities contained in the raw material 


Example of blocking electrotysis extraction of gmc qf 
99999 P** cent punty from the purple on — The zinc- 
con taming lyes finally obtained in the chlorinating 
calcination process cannot be electrolysed by the 
usual methods for three reasons they are chlorides, 
they have a high impurity content and they are 
neutral Although many efforts had originally been 
made to develop methods for the electrolysis of zinc 
chlorides (Hopfner), the sulphate electrolysis pro¬ 
cesses finally predominated The advantage of 
chlondc electrolysis is the lower potential difference 
in the cell , the main disadvantage is the necessity 
of using diaphragms The anodic part of the cell 
must be air tight because of the chlorine gas while 
the cathodic part must be kept open because the 
cathodes must be removed periodically The two 
parts must therefore be separated by a diaphragm 

The electrolyte used in 7me electrolysis must be 
very pure if the consumption of energy is to be kept 
within economic limits Traces of metallic impurities 
result in the formation of local cell elements and 
therefore in an increasingly rapid re dissolution of the 
deposited zinc Because of the ability of molten 
pyrites to dissolve many elements, the lyes of the 
chlorinating calcination process always contain a 
considerable amount of impurities and satellite metals, 
making a high degree purification very difficult and 
expensive 

Finally, the zinc deposited in the electrolysis of 
alkaline, neutral or even of feeble acid solutions is 
obtained in a technically worthless spongy form, so 
that it is necessary to work with fairly acid solutions 
To make the chlorinating calcination process lyes 
sufficiently acid would also be expensive because it 
would entail adding hydrochloric acid which is alien 


Table I Polarographe Half Wave Potentials and Maximum Molar Amalgam 
Formation Energies of Metals at Room Temperature 



to the main process and must 
be bought 

In ordrr to extract zinc of 
electrolytic punty from these 
lyes by the usual techniques it 
would therefore be necemry 
to proceed first to a prelimin¬ 
ary purification of the solution, 
then to precipitation with l ime , 
then to drying completely the 
zinc hydrate thus obtained 
(otherwise the electrolyte 
which is used in a closed cir¬ 
cuit would be increasingly 
diluted) and to dissolving it 
in an exhausted 1 e poor m 
zinc and strongly acid, zinc 
sulphate electrolyte solution, 
then to dcchlonnating this 
solution completely tg by 
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Figure 4 Mnmtr cell • longitudmal rattan, 
b cross section, A graphs* anodes, K cathode 
disks, V plungers, Af motor, S siphon 

means of silver sulphate (it u impossible to wash 
nnc hydrate entirely free of chloride owing to the 
formation of zinc oxychloride), and finally to 
achieving a high degree of pun heat ion prior to elec¬ 
trolysing it Such a chain of technical processes is 
much too expensive for a relatively common product 
such as electrolytic zinc 

Amalgam metallurgy opens an entirely new way 
The lye* of the chlorinating calcination process can 
be electrolysed as they are is as a neutral zinc 
chloride solution with a very high impunty content, 
the zinc being transferred as zinc amalgam on to 
mercury cathodes The cells used in this process 
are the highly developed and very efficient cells of 
the chlorine-alkali electrolysis process Figure 4 shows 
an interesting construction of such a cell, the Messner 
cell The slowly rotating cathodes are in the form of 
circular rings and not Full disks as in the cell shown 
in Figure 3 The mercury pool is therefore smaller 
and requires less mercury , mercury being expensive, 
this is an advantage To compensate for the Ion of 
surface in the electrolyte the mercury pool 11 placed 
at a lower level, so that the greater part of the ring 
is bathed in the electrolyte 

The cell is air tight The fluid zinc amalgam leaves 
the cell through a siphon lock and is obtained free 
of electrolyte and chlorine gas As the anodic 
chlorine JM may either be sold as such, at a sub- 
stantia^'profit, or be used in the mam chlorinating 
proceai it u an asset instead of the liability it is 
with the Hftpfher process The approximately neutral 
reaction of the electrolyte does not interfere with the 
formation of the cathodic amalgam 

The behaviour of the metallic impurities contained 
in the lyes is particularly interesting Those that are 
more reactive than zinc t e have a greater negative 
half wave potential (see Table I and ref 1 Figure 1) do 
not pass into the amalgam and arc evacuated with 
the exhausted lyes The impurities which are leas 
reactive than sine pass with it into the amalgam, 
but by virtue of the tint amalgam potential law 1 


they cannot form local cell elements which would 
lower the efficiency of the process by increasing die 
consumption of energy Amalgam metallurgy thus 
creates an unprecedented situation for aqueous elec¬ 
trolysis processes by making it possible to electrolyse 
low grade cheap metallic saline solutions with a high 
impunty content just as readily and efficiently as die 
very pure, sensitive and expensive electrolytes of the 
usual solid cathode proces ses (Anaconda, Tain ton, 
Giesche) 

The fluid amalgam circulates in a continuous 
dosed circuit passing from the cathodic amalgam cell 
through the siphon into an anodic amalgam cell and 
finally back to the cathodic cell, Figure 5 The anodic 
cell operates with an extremely pure stationary acid 
zinc sulphate dectrolyte which is not used up and 
has aluminium cathodes Provided the zinc con¬ 
centration of the amalgam is lowered only slightly, 
the operation of the third amalgam potential law 1 
ensures that only the zinc leaves the amalgam and 
is deposited on the cathodes with a 99 999 per cent 
punty , the less reactive accompanying metals remain 
m the amalgam where their concentration increases 
progressively It is thus possible to extract, from an 
aqueous solution with a high impurity content and 
without going through a separate purification process, 
a zinc of a higher degree of punty than that usually 
obtained from the purest electrolytes The mercury, 
serving as an intermediate phase, acts as an auto¬ 
matic and universal impunty block of the highest 
efficiency This form of amidgmm electrolysis may 
therefore be called a blocking electrolysis 


Aqueous solution 
of lead and nne * p 
salts 


Exhausted 

tohftan 



Figure 5 Amalgam electrohsis P apparatus for 
phase exchange reaction, Zi cell for lead elec¬ 
trolysis tenth amalgam anile, soled cathode and 


closed etraoi electrobte (produces pure lead), 
Zt cell for gate eUctrofysu tenth amalgam cathode, 
graphic anode and tmpm dectrolyte (produces 
cute am alg am), Zt the same (tradu ces gene amal¬ 
gam), Zt sell fir gate etietiafyns tenth amalgam 
anode, solid cathode and fiossd arcult electrolyte 
(produ ces pure gate) Amteeus sabetieu of lead u 
shewn dotted, aqueous t o luh en qf gtacj wrote, lead 
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The efficiency of the purifying eff e c t of this blocking 
electrolysis can be aasened by making use of the 
previously mentioned amalgam potential laws Con- 
tidenng firvt the metals which are more reactive than 
sine, let us assume that the lyes contain cobalt, iron 
and manganese, having respective half wave poten¬ 
tials o 17 v, 0*47 v and o 49 v lower than that of sine, 
in a concentration equal to o 1 of the zinc for each 
According to the amalgam potential formulae, the 
content in these metals erf* the 2 per cent zinc amalgam 
will be 3 X io* T per cent cobalt, a x io M per cent 
iron and 3 X icr u per cent manganese Considering 
now the metals which are less reactive than zinc, let 
us assume that the zinc is accompanied by cadmium, 
thallium and tin, with respective half wave 'potentials 
o 43 v, o 56 v and o 59 v higher than that of zinc, 
and the concentration of which in the amalgam 
gradually increases to o 2 per cent each 1 e also 0 1 
of the zinc content According to the amalgam poten¬ 
tial formulae, the equilibrium concentrations of these 
metals m the pure 2N zinc sulphate electrolyte of the 
anodic cell will be a X 10 11 gm /1 for thallium, 
1 X iO’ lf gm /1 for cadmium and 4 X 10 n gm /1 for 
tin Thus the more reactive metals are retained in 
the original aqueous solution whilst the less reactive 
metals are retained in the amalgam 

As has already been mentioned, the potential 
difference of the anodic amalgam cell is very low 
The potential difference of a chloride cell is lower 
than that of a sulphate cell The blocking electrolysis, 
despite the fact that it works with two cells, therefore 
consumes no more energy than the usual single cell 
zinc sulphate electrolysis The chlorine gas, which 
is obtained as a by-product, is necessary for the main 
chlorinating process and would otherwise have to be 
produced by a chlonne-alkah electrolysis Deducting 
the amount of energy corresponding to that process, 
the net energy consumption for the extraction of zinc 
by the amalgam process is seen to be considerably 
lower than that of the usual electrolytic pro ce sses 
Working with a low grade raw material, the process 
is also considerably cheaper 

Example qf indirect amalgam elsctnfysu extraction qf 
electrolytic bad from low grade one ores — Whereas the 
electrolytic extraction of many metals, such as 
cop p er, zinc or cadmium, from their saline solutions 
n a relatively easy matter, with other metals thu u 
by no means true. For example, not only does the 
electrolytic extraction of manganrae require an ex¬ 
ceptionally pure electrolyte (the specific energy 
consumption and the density of the electrolytic 
manganese depout u a much more sensitive punty 
e n tenon of the electrolyte than the most sensitive 
analytical methods) but there u also an anodic 
precipitation of manganese in the fona‘rf hydrated 
manganese dioxide whkh complicates the process 


very considerably from the technical and industrial 
points of view Finally, in order to prevent a re- 
dusolution of the cathodic manganese depouts by the 
aad formed at the anode, the cell must be divided 
by thick diaphragms, costly in themselves add in¬ 
creasing the energy consumption. ^ 

With lead, the anodic precipitation of lead dumde 
has been an important factor preventing the develop¬ 
ment of a process for the direct extraction of electrolytic 
lead from lead ore The most important reason, 
however, why no electrolytic process could be 
developed is that the more easily soluble lead salts, 
such as the perchlorate or the hydrosiheofluonde, 
are much too expensive for ore processing whereas 
the more common salts, such as lead chloride, are 
too insoluble to permit use of the high current den¬ 
sities which are necessary for the economic operation 
of an electrolytic process 

The anionic level of a metallic salt solution can 
also be a hindrance to its electrolysis as the common 
anode materials are usually resistant to one kind of 
anion only For example, lead anodes—especially 
if, according to U C Tawton's invention, they con¬ 
tain O 5 per cent silver—have an excellent resistance 
to a sulphate ion discharge,, but they are corroded 
by nascent chlonne The chlonne-rewtant graphite 
anodes, on the other hand, are rapidly oxidized by 
the nascent oxygen liberated by die electrolysis of 
sulphate solutions 

It should be mentioned in thu context that the 
various more or less reactive anions behave in a 
manner comparable to that of the more or leu 
reactive canons, as these last are more or leu easily 
deposited on the cathode, so the anions are more 
or less easily oxidized on the anode Depending on 
the material of the anode and on the extent to which 
it can be oxidized, the various anions are precipitated 
at different anodic potentials, the nitrate ion leu 
easily than the sulphate ion, this leu easily than the 
chloride ion, or the hydroxyl, cyanide and sulphide 
10ns in that order It may therefore be possible to 
electrolyse a sulphate-containing chloride electrolyte 
within certain limits of concentration and of current 
density per unit area without liberation of oxyg en 
and therefore without damage to the graphite anodes 
On the contrary, it is not possible to electrolyse a 
chlonde-contauung sulphate electrolyte, as even a 
very low concentration of chloride ion leads to the 
destruction of the lead anodes used in sulphate 
electrolysis It is for the same reason that the elec¬ 
trolysis of a zinc chloride solution requires leu energy 
than that of a zinc sulphate solution , the potential 
difference u smaller m a chloride electrolysis because 
a copper cell requires a lower potential difference 
than a zme cell 
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When a low grade lead-one ore is processed by 
chlorination followed by leaching, the zinc chloride 
u dissolved first The lead chloride u nearly in¬ 
soluble in a concentrated zinc chloride solution , it 
u therefore dissolved only after the greater part of 
the zinc chloride has been removed from the solution 
The low concentration of the lead chloride and the 
formation of lead dioxide on the anode makes it 
impossible to electrolyse these solutions by the 
ordinary process of aqueous electrolysis if using 
solid cathodes The techniques of amalgam metal¬ 
lurgy, however, permit an easy solution of this 
problem 

The process, shown schematically in Figurt j, u 
primed by zinc amalgam The lead chloride solution 
u not electrolysed directly Instead it is brought 
into intimate contact with the zinc amalgam Owing 
to the operation of the second amalgam potential 
law 1 * because the affinity of lead ions for electrons 
is greater than that of zinc ions, an exchange between 
the two phases—the aqueous solution and the amal¬ 
gam—takes place across their surface of contact, the 
lead pasting from the solution into the amalgam and 
replacing the zinc which passes into the solution 
This process is obviously exempt from the previously 
mentioned difficulties , there a no disturbing anodic 
reaction and the exchange does not depend on the 
conductivity of the lead chloride solution which u 
too low for ordinary electrolyua The solution from 
which the lead content has thus been extracted 
pam on to two consecutive electrolysis cells with 
mercury cathodes , the first serves to replenish the 
zme content of the amalgam used for the lead 
extraction, the second totally to extract zinc from 
the aqueous solution in the form of zinc amalgam 
from which the zinc is then extracted in metallic 
form in a third cell by the blocking electrolysis 
described The lead is alio extracted in metallic 
form from its amalgam by a blocking electrolysis in 
a fourth cell using a lead salt electrolyte of high 
punty and high conductivity which is not consumed 

The electrolysis is thus, indirect, the aqueous elec¬ 
trolysis operating with tlte readily electrolysed zinc 
chloride solution instead of the lead chloride solution 
which is difficult to electrolyse The procen presents 
all the advantages of blocking electrolysis and the 
lead is obtained m a state of spectroscopic punty 
The phase exchange reaction is almost instantaneous 
if the phase contact area is made sufficiently large 
and if the contact zone is strongly agitated 

The market pnee of lead is about thp same as that 
of zinc, while its equivalent weight 11 three tunes 
greater The direct extraction of electrolytic lead 
from low grade ore is therefor e industrially an even 
snore advantageous process than the extraction of zinc 


Example qf a co nce ntr ation trtntfbmnf process extrac¬ 
tion of ran axe satellites — A constant unc satellite is 
cadmium, usually met with in a conce n tration of 
about 0 1 per cent Indium and gallium are also 
frequently present in zinc ores, though in very small 
quantities, sometimes «g in the Meggen ore, 
thallium is also to be found In the usual zinc sul¬ 
phate electrolytic processes these metals accumulate 
in the cementation sludge which is precipitated when 
the electrolyte is periodically purified by zinc powder 
The co r re sp o n ding operation in amalgam metallurgy 
consists in bringing the aqueous solution into intimate 
contact with the zinc amalgam prior to the electrolysis 
proper , a phase exchange occurs in which, owing to 
the operation of the second amalgam potential law, 
the rare earths displace the zinc from the amalgam 
and accumulate in it 

Compared with the cementation by nnc powder, 
the phase exchange process presents the disadvantage 
that gallium is lost, owing to its high potential with 
respect to mercury it cannot be recovered from the 
amalgam On the other hand it presents the ad¬ 
vantage that, an long as the aqueoui solution contains 
no atmospheric oxygen or other oxidizing substance 
which can corrode the amalgam, die phase exchange 
occurs itoichiome tncally , the subsequent decom¬ 
position of the multi-metal amalgam obtained can 
be fractionated very sharply, the zinc satellites bong 
obtained in the form of very pure and concentrated 
solutions In the cementation by zinc powder used 
in the aqueous electrolysis, the cementation agent 
is zinc, must be used to excess, sometimes up to 
25 tunes that of the stoichiometncally required quan¬ 
tity, and the processing of the complex cementate, 
containing large amounts of zinc, u complicated and 
expensive 

Provided the phase contact area, mercury/water, 
is sufficiently large and the zone of contact sufficiently 
agitated, the phase exchange of zinc with the satellite 
traces is very rapid and the process may therefore 
be continuous, operating with a constant flow of 
aqueous solution A large contact area and the 
necessary agitation can be achieved by dispersing 
the amalgam m the water in the form of fine droplets , 
this can be done either in a paddle washer or in an 
apparatus, such as that shown in Ftgxn 6 \ provided 
with conical flinging basins with open bottoms having 
a high speed of revolution and dipping into a small 
pod of amalgam 

A good method for the decomposition of the multi- 
metal a m a lgam thus obtained, and therefore also for 
the periodical purification of the used in 

dosed circuit proceoes such as the hlnrkmg dec* 
trdyns, is oxidation by means of nitric mod. Nitnc 
aod attacks all amalgams very rapidly and has die 
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Figure 6 Fltnpng apparatus far phase exchange 
a aw section, apian, 1 fraction trough, 2 motor ; 

3 d malganhfimpug basv * wrth amalgam pool, 

4 ppvtg for solution, 6 solution actt, 6 supports 

further advantage that all iti salts are easily soluble 
Another good method h phase exchange with a 
suitable mercury salt * g mercury chloride which is 
easy to prepare from mercury and chlorine gas , the 
mercury enters the amalgam and displaces the metals 
contained in it 

The metals contained in the amalgam arc always 
obtained m die same concentration as that of the 
decomposing agent which is used It can therefore 
be said that, in the process of extracting metals from 
highly diluted solutions, the mercury phase functions 
in the manner of a concentration transformer This 
method of concentration can naturally be employed 
not only for the extraction of zinc satellites, such as 
cadmium, indium and thallium, or of lead satellites, 
such as silver and bismuth, but also for the processing 
of various other exhausted or dilute solutions obtained 
m mining and metallurgical processes 

Example qf a continuous process for separatum of multi- 
metalkc mixtures by means of a progressive phase exchange 
based on complex potentials the alkaline processing of rotary 
kdx oxides—The purifying efficiency of amalgam 
metallurgical separation processes, such as the block¬ 
ing electrolysis and the phase exchange processes, is 
based on a sufficiently wide dispersion of the half 
wave potentials of the tnetali to be separated As 
can be seen from Tablet, and rof 1 Figure a, this is not 
always so In complex-forming solutions however 
(alkaline solutions of ammonium salts, caustic soda 
solutions, cyanide solutions, tartrate solutions) the 


half wave potentials of metals are increased (become 
more strongly negative) and this effect can be of 
very different magnitude for different metals, see 
Table II It is therefore frequently possible to realise 
by means of complex potentials separations which 
would otherwise be impossible 

Rotary kiln roasting is a process used for the ores 
of relatively volatile metals The ore is heated some¬ 
what below its melting point in a rotary kiln with 
a reducing atmosphere The metals escape from the 
ore in a gaseous state and are later oxidized and so 
precipitated by atmospheric air introduced near the 
further 1 nd of the loin These so-called * rotary kiln * 
oxides are mixed with a considerable amount of 
dust , they may contain, for example, approximately 
equal parts of lead oxide, tin oxide and zinc oxide 
The half wave potential* of lead, tin and zinc with 
respect to the normal calomel electrode are — o 46 v, 
— o 47 v and — 1 06 v respectively It follows that 
if these oxides were diasoh ed in an appropriate actd, 
the separation of lead from tin would be impossible 

In an alkaline solution, however, all three metals 
form ambivalent hydroxides, and their complex half 
wave potentials are — o 81 v, ~ 1 18 v and — 1 41 v 
for lead, tin and zinc respectively It u therefore 
possible to separate the three metal* by means of a 
phase exchange if their oxides are dissolved in a 
caustic soda solution Figure 7 shows the apparatus 
used for a continuous process of this lynd The al¬ 
kaline solution of the metallic salts circulates inside 
a revolving drum divided by transverse partitions 
into many narrow chambers , the partitions are so 
arranged that the solution is forced to change direc¬ 
tion at every partition, Bowing inwards in one 
chamber and outwards in the next The other phase 
is zinc amalgam which is contained in small chambers 
on the periphery of the drum These amalgam 
chambers are separated from the inner part of the 
drum by porous partitions The amalgam contained 


a b 


Table U Increase n Negate* Value Hoff 
Warn Potentate m Formation rf Complexes in 
Solutions (mImj stated m mi) 


Mete 

MWtofl 

Ni 

Cu 

Ik 

Gd 

Zn 

Pb 

In 

bn 

Tl 

TartnoT* ' l 


l 3 

3V> 

_ 

_ 

_ 


— 

0 

CommmOe 1 

—» 


170 

<*45 

m 

m 

710 

0 

Qm* 

ssa 

1,000 





A 


Figure 7 Rotary drum far fructian- 
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in a chamber which is brought to the top by the 
rotation of the drum percolates through the porous 
partition, falls through the aqueous solution in the 
form of minute droplets and collects at the bot to m 
where it percolates again through the porous par¬ 
tition and back into an amalgam chamber which 
for the moment is at the bottom Suitably disposed 
overflow pipes between consecutive amalgam cham¬ 
bers ensure a slow circulation of amalgam along the 
drum in the opposite direction to that of the aqueous 
solution 

The amalg am is introduced at one end of the 
drum (the exit end for the solution) as pure zinc 
amal gam Part of it is continuously removed near 
the middle of the drum as pure tin amalgam and 
the rest is continuously removed at the for end as 
pure lead amalgam p these two amalgams are then 
processed separately for the extraction of tin and 
lead The original plumbitc-stanmte-zincate solution 
introduced into the drum leaves it at the for end 
(the entrance end for the amalgam) as a pure 
zincate solution which can be electrolyied easily to 
obtain unc amalgam and a caustic soda solution 
which can be used anew for the alkal miration of the 
rotary kiln oxides 

Such a continuous separation process for three 
metals, which can moreover easily be made entirely 
automatic by means of valves governed by relays 
which can be activated by potential differences, could 
not have been achieved by previous techniques It 
should be mentioned that in the amalgam process 
the zinc is obtained m a pure and usable form whereas 
using solid cathodes, as m an alkaline electrolysis, 
the zinc would be obtained in a spongy state, tech¬ 
nically worthless because it cannot be melted without 
oxidizing it 

Example qf dry toaporaUon proem marutfactun of pm 
manganut alloys — After iron, manganese is the most 
common heavy metal in the earth's crust, it is for 
example 25 times more common than zinc and 60 
times more common thin lead In spite of this feet, 
manganese playi in mcfjpgv the role not of a metal 
but of a chemical agent s *llearly the whole of the 
world production of manganese is used m the form 
of ferro-manganese, a very impure alloy containing 
iron and carbon, for the degradation of molten 
steel, the greater part of the manganese 11 again 
lost in the slags. 

Two foe ton have up to now preven t ed industrial 
use of manganese as a metallic material first, the 
poor technological qualities of impure manganese 
(great bntdeatiM^fcnall resistance to corrosion) and 
secondly, t|e considerable technical difficulties en¬ 
countered in the extraction of pure manganese, 


then difficulties can be mnewed by the exceptionally 
heavy punty premium paid for manganese 

In recent yean there have been some new develop¬ 
ments and some creative ideas in die domain of 
manganese technology which seem to promise the 
introduction of radical changes into this rather sterile 
field which has seen no changes for some centuries. 
The bold and ingenious work of J Koster and S M 
Shelton 4 has made it possible to obtain, by ™>ana 
of a kind of specially refined zinc electrolysis, a man¬ 
ganese of a formerly unknown degree of punty and 
at an astonishingly low price On the other hand, 
R S Dean ft alu* have shown that alloys of pure 
electrolytic manganew possess excellent technological 
properties, such as a high resistance to corrosion, 
hardenabdity, fotigue and heat resistance, as well as 
some entirely specific and technically very valuable 
properties, as for example an extremely high ability 
to damp vibrations 

For all its elegance, Shelton’s manganese electrolysis 
is a very exacting and difficult process and is very 
delicate Moreover, manganese only has a technical 
value in the form of alloys Finally, the manganese 
alloys have high melting points and are therefore 
particularly well adapted to the techniques of powder 
metallurgy For all these reasons the amalgam 
metallurgical process, producing pure manganese 
alloys in powder form, is technically and industrially 
specially interesting 

The process is an indirect electrolysis m which a 
sodium amalgam is used for a phase exchange with 
an aqueous multi-metal saline solution containing all 
the components of the desired manganese alloy m 
the right proportions The alloy is precipitated and 
removed f-om the amalgam circuit The mercury 
11 removed by distillation in an oven, preferably a 
tubular oven with a hydrogen atmosphere 4 , similar 
to the ovens used m powder metallurgy Hie alloy 
is obtained in powder form 

It has been e m p h a si z ed 1 that the problem of low 
grade ores is* the most important and complex 
problem of the metal industry The above rather 
uncommon method of mixing alky components m 
the stage of aqueous metal saline solutions is of 
particular importance with low grade ores 

The process regenerates the chlonne, and chlorina¬ 
tion is the cheapest and most effective means of 
selective preceding of ores The metal saline solutions 
are obtained by simple percolation and so are the 
cheapest possible raw material for electrolysis. The 
distillation is a cheap and simple process and fur¬ 
nishes the alloy powder directly 1# a half finished 
product suited for modem metallurgical techniques. 
The pr o ce ss thus eliminates a whole senes of mter- 
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mediary stages of the usual manufacturing processes, 
whether of metallurgical or of electrochemical nature 
(Figure 8) and this results in a considerable saving in 
cost The exceptional efficiency of the amalgam 
metallurgical process and the quality premiums it 
brings in make it possible to counterbalance the 
higher capital costs of low grade ore exploitation 
Even in its present early stage of development the 
process can supplement to a considerable degree the 
various procenet working with higher grade ores 
although these are placed at a better economic 
advantage 

The equipment and functioning of such an amalgam 
metallurgical alloy fhetory do not depend on the 
particular alloy produced , they remain the same 
whether the alloy happens to be a special manganese- 
based alloy with high vibratzon-damping properties, 
or a carbon-free chromium-nickel steel with an iron 
base, or a polish-taking cutlery alloy with a ‘ German 
silver 9 base, or a bearings metal, or any other com¬ 
bination of heavy metals with a high melting point 
This is obviously a further considerable advantage. 


making it possible to exploit, if necessary, a whole 
senes of very different small low grade ore deposits 
simultaneously and/or to follow the movements of 
the metal market 

Tht author wishes to thank Springer- Verlag, Vienna, for 
permission to reproduce figurts from a previous publication 1 
Thanks art also due to Dr T 0 Lazandes who translated 
this article from the German 
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Photocopying Processes for the Research Worker 

B do GORTER, BSc, ARCS 
Formerly at Imperial Chemical Industries Ltd, Plastics Division 


A orsat deal has been written on the broader 
subject of reproducing research materials It has 
already been well stated in the initial paragraph of 
R C BootLEY*! dame book 1 on this subject that 1 The 
first duty of scholarship is to protect and p r es erve 
original writings, the feat of which would be irre¬ 
trievable . Great importance must also be attached 


to those mechanical impediments which hinder a 
scholar whenever he is compelled to alter his plans 
or suspend his work because he cam neither go to the 
material he needs nor have the material brought to 
him * It a particularly m overcoming these mech¬ 
anical impediments that photocopying processes can 
be such an invaluable aid to research* 
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b de gorter Photocopying Pr o ces s es for the Research Worker 


THE RESEARCH WORKER'S REQUIREMENTS 

In both academic and industrial research day to day 
copying requirements anse for facsimiles of docu¬ 
ments in various numbers There is always, of course, 
the initial problem of transform¬ 
ing the manuscript of a new 1 Copying processes 
piece of work into a neat layout , , Manual {empoi 
for reproduction on a com- x tI Manuvr 

parativcly large scale for the / is Typescni 

purpose of pubhcaUon It is 1 r 3 Typesetti 

not proposed to go into thu , f 
matter which is largely a quea-, , a , Contact, 

Uon of publishing economics It 
is when the document already / an Ii 

exists in a presentable layout, 1 919 R< 

and further copies ui small , i 

numbers are required imme- 

diately to enable the fullest pos- 1 M rrn^ccuo 

aible use to be made of the / ^9 Scanning 

information therein, that one 
looks around and asks 1 Where in this atomic age n 
the automatic machine which will do thu for me 


CLASSIFICATION OF COPYING PROCESSES 

If copying processes are examined as a group it is 
found that they can be classified in the following 


1 t Manual (composition) copying methods 1 

/ // Manuvnpt ( 

/ is Typescript I 

1 13 Typesetting J 

/ 2 Photocopying methods 
/ as Contact copying 

1 an lransmusion copying 
/ ais Reflex copying 

/ aiat Simple reflectogrmphy 
x aiaa Scre en reflectography 

x aa Projection copying 
1 33 Scanning methods 


Materials used 
Carbon paper 
Hectograph 
Wax itenals 
Offset plates 


Blue print 
Diaxo 

Silver halide 
Dtaxo 

Plates, film, microfilms, 
paper, xerographic plates 
Materials for phototelegraphy 
1 Forograph StcncHs 


Various combinations of processes and materials 
other than those shown in this scheme may be used 


while 1 wait 7 9 Conferences, committees and panel 
meetings even m the best regulated organiza¬ 
tions sometimes call with varying degrees of urgency 
for the last minute preparation of further copes 
of documents for pnor consideration and subse¬ 
quent discussion at those gatherings Experimental 
work may necessitate having at hand on the bench 
m the laboratory for purposes of control or step by 
step observational companion a copy of a set of data 
in tabular or graphical form, a wiring diagram, a 
dissection diagram or a photomicrograph Opposi¬ 
tion proceedings or other legal formalities in con¬ 
nection with patents, with which a research worker 


in practice, but the general relationship arc evident 
We are not concerned here with methods under / /, 
which are necessarily comparatively alow and error 
prone Under r a, methods / 21 and 1 22 offer at 
present the most economical and convenient ways 
available to satisfy the requirements outlined above 
Scanning processes 1 ay, although of great value ip 
other fields such aa phototelegraphy for newspaper 
work and for large government departments, have 
not been developed for the small scale user It a 
interesting to note, however, that as a result of recent 
tests in the U S A a service there for die high speed 
trans piMS i on of documents may soon be based on 


may be concerned, may require the submission of these processes 


copies of laboratory notebooks, specifications or 
other documents within a certain time limit The 
research worker may embark upon a literature search 
prior to initiating a new programme of experimental 
work The labour of making a manual record of the 
information located generally makes a literature 
search a tedious task Tfap need to make a translation 
of a foreign paper may ante and the paper may con¬ 
tain various figures with foreign captions and legends 
which need to be reproduced in the translation with 
the captions etc in English Publications may be out 
of print and subject to only small spasmodic demands 
for further copies by research workers in the field, 
which do not justify the cost of reprinting on the part 
of the publishers , or research workers may be freed 
with the expense of buying bound volumes containing 
much unwanted material The importance of pro¬ 
viding efficient solutions to these problems of 
d o c umen t copying was strongly emphasized at the 
Royal Society Scientific Infarmatiop Con fe r en ce 
held in London in July, 1948* 


Of the contact copying methods / 21, the trans¬ 
mission copying processes / 2ii e g blue printing by 
the ferroprussiate process, ferrogalhc printing and 
dye line printing are restricted in scope to the pro¬ 
duction of copies through transparent or translucent 
one sided ongisals, although of course they find very 
wide applies Uon m the copying of engineering 
drawings 

Most oi the equipment now available for copying 
work on the small scale m based on reflex copying 
methods 1 1 212 Typical machines include the 
4 Copycat', * Rectophot * and * Ruthurstat 1 which 
fall within class 1 2121 and make use of silver halide 
materials These materials have the disadvantages 
that they require five proc essi ng stages subsequent 
to e xp o su re vtz developing, washing, fixing, washing 
and drying, which most be repeated to give a positive 
copy firora the negative so obtained, and must be 
earned out m subdued fight 

In recent years a process t 2122 has been developed 
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in Holland which, by using a fine screen, has enabled 
diaxo materials to be used in reflex copying This 
is the 1 Retocee' process 1 ’* and it possesses the 
advantages that it produces a positive copy directly 
m a few minutes, consists only of the two steps ex¬ 
posure and development, can be used in a normally 
lighted room and will reproduce full-tone and half¬ 
tone photographs satisfactorily New machines based 
on this process were demonstrated at the Exhibition 
arranged for the Royal Society Scientific Information 
Conference An older model has been in successful 
operation in the author’s department m 1 Cl for 
over a year 

Protection copying methods 7 / 2 a have so far been 
available only for use with silver halide materials, 
with the consequent disadvantages mentioned above 
as far as the occasional but rapid production of a 
few copies is concerned For Urge scale copying 
establishments, however, where copying work » 
earned out on a continuous production line basis, 
these disadvantages may be nullified Microfilm 
copies, which come within this class, are valuable from 
the point of view of ease of storage and transznissibility 
although, on the other hand, many research workers 
regard them as inconvenient to handle and to read 
T^e * Photostat * apparatus is also a well known 
example in this class , it produces copies directly on 
to silver halide paper and processing is earned out 
in the machine itself except for the washing and 
drying Two developments in the U S A which have 
recently been described also fall m class 1 aa Hie 
fint is the Land process 1 which carries out the entire 
production of a positive photograph within a specially 
designed camera The second is xerography 1 which 
uses a special plate upon which an electrostatic image 
is produced and this can be transferred on a resinous 
powder to paper and fixed thereon Processing is 
claimed to be dry and rapid It u too early yet to 
assess the todue of these processes for document 
copy mg work 

OHOIOS OF PROCESS 

In assessing the merits of these various processes for 
day to day use the following questions must be con¬ 
sidered What type of load will fall upon the 
apparatus 7 How quickly would a copy normally be 
required 7 How many copies are needed 7 How con¬ 
venient u the process to accommodate and operate 
in die space available 7 How easy is it to operate 7 
What quality of result does it give 7 How versatile 
is the process as regards the type of original it can 
handle ? What 11 its capital cost 7 What are the 
nmtimg costs as regards power, materials etc 7 How 
easy » die copy to consult ? It will be found that 
these considerations s&metimes conflict!'and it would 
require a much more comprehensive discourse than 


this short article to weigh up in detailed answers to 
these questions the relative merits of the available 
processes It u hoped however that a general indi¬ 
cation of relative suitability has been given above 
Further data are to be found in the Royal Society 
Scientific Information Conference Report* grid, on the 
di&zocopyuig processes in partioular, in a recent 
article by the present writer on 4 The Principles and 
Possibilities of Diazocopying Processes' in the 
Journal qf Documentation 

FUTURE DEVELOPMENTS 

1 he Royal Society Scientific Information Conference 
studied the commercially available photographic 
methods of reproduction and concluded that wider 
use of such methods would be of benefit to science 
It therefore recommended that the photostat, rather 
than the reflex, process should be used in large 
establishments where machines can be kept fully 
occupied The reflex process u particularly suitable 
lor a library or laboratory where only occasional 
copies are required lhc potential value of screen 
reflex, dry process, diazo printing should be publi¬ 
cized among scientists and industrialists, and the 
availability of such machines and materials should 
be facilitated Economical devices and processes 
should be developed whereby bibliographical lists 
can be reproduced m the form of a card index, and 
card indexes can be reproduced as hits Machines 
which automatically produce multiple copies of 
folded index slips and single copies of index cards 
should be publicized 

In response to these recommendations the initiation 
of a programme of research into non-silver photo¬ 
graphic processes for document copying is at preu nt 
under consideration by the D S I R 

A good deal of useful work can be done too m the 
field of standardization For instance, the standard 
sizes of sensitized materials (J plate, k pl*te etc) do 
not correspond to the standard sizes of index cards, 
no that the use of photocopying processes to reproduce 
index cards entails at present a wasteful and tipie 
consuming trimming operation It is encouraging 
to see that the British Standards Institution has 
already appointed a Committee (FHG/ia) to prepare 
British Standards dealing with the photographic 
aspects of document reproduction Thu Committee 
has prepared draft standards for sizes of sensitized 
materials for the reproduction of textual documents 
and a survey has been earned out of existing appara¬ 
tus for photocopying 

It should also be noted that the British National 
Committee on Documentation (the national body 
representing this country m the International 
Federation for Documentation) was invited to appoint 
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an advisory committee 00 documentary reproduction 
representing all interested bodies (Recommendation 
19 0) No active steps are being taken by this 
committee until the results of the B S I Committee's 
work are available 

The above mentioned bodies would welcome the 
views of both individuals and associations of research 
workers regarding the ways m which they consider 
the different types of machines and materials for 
photocopying could be made to serve them better 

Thu article has bam written at the suggestion qf the 
Information Services Committee qf the Royal Society to draw 
attention to Re c o mm e nd ation so qf the Royal Society Scien¬ 
tific Information Conference , July 1948 
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The Merck Research Laboratories 

C R ADDINALL, BS } AM, PhD 
Foreign Scientific Manager, Merck 8 b Co, Inc , Rahway, N J , U S A 


At the dedication of the Merck Research Labora¬ 
tories m 1933, Sir Henry H Dale, in outlining the 
fundamental policies that were to guide the progress 
of the laboratories, stated 4 You who work here will 
be free to choose your problems according to the 
needs of the time and the promise of advance offered 
by current progress in science, you will be able to 
give intense cultivation to the fertile areas, to raise 
the crops which are likely to give yield, and to put 
in the sickle where tho harvest stands npe for 
gathering/ 

These were indeed prophetic words From these 
constantly expanding Merck laboratories have come, 
in turn, original and important findings m medicinal 
chemistry and nutrition, among others the widely 
recognized pioneering work in the vitamins of the 
a complex, from the synthesis of vitamin n x to the 
isolation of vitamin a n , the large scale development 
and production of die antibiotics, penicillin and 
streptomycin, and the highly critical commercial 
development of the adrenal cortical hormone, 
cortisone 

history 

The history of Merck 8c Co, Inc, and its pro* 
deccseor companies 11 virtually a review of the 
development of fine chemical manufacture in the 
USA The origin of the companies which are 
r ep re ren ted in the pres e nt day organization through 
a succession of personal and corporate combinations 


dates back to 1818, two yean prior to the discovery 
of quinine The establishment of the busme« under 
the Merck name, however, took place in 1891, when 
Georoi Merck, son of the then directing head of 
E Merck, Darmstadt, Germany, came to the United 
States and organized the firm of Merck 8b Go, 
with offices in New York 

In the beginning die business was largely devoted 
to the importation of drugs and chemicals, but a 
few year* later became an independent manufac¬ 
turing enterprise which subsequently produced an 
extensive line of drugs and chemicals for the pro¬ 
fessions and industry Within a few years, Merck 
was one of the leading American producers of chloral 
hydrate, iodine preparations, bismuth salts, acetani¬ 
lide, narcotics, salicylates, alkaloids, disinfectants and 
other important products, including a Comprehensive 
lme of prescription chemicals 

During the 1914-18 war die company was re¬ 
organized as an ind e pendent American enterprise 
and, in 1927, was consolidated with the well known 
and highly regarded firm of Powers-Wmghtmao- 
Rosengarten Company of Philadelphia under the 
name of Merck 8b Co, Inc The consolidation 
brought together two great chemical companies, the 
founders of which were identified with the very 
beginnings of modem chemistry and the products of 
which were widely and favourably known for their 
high standards of puniy throughout the Adds of 
medici ne , pharmacy, chemistry and industry. 
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THB MERCK LABORATORIES 

Thoroughly imbued with the high ideals and pro¬ 
gressive spirit of the founders of these two successful 
enterprises, and under the leadership of men raised 
and trained in the finest traditions of the \mcncan 
chemical industry, Merck & Co, Inc, in 19331 
opened new and enlarge d U bora torn s for its research 
workers The laboratories wire dedicated in the 
belief that research work earned on with patience 
and persistence will bring new lift to industry and 
commerce and in the faith that in such laboratories 
science will be advanced, knowledge increased, and 
kumai} life win greater freedom from suffering and 
disease Though, today, the present immense org¬ 
anization of scientific workets in the hcicnuhc 
Aieas of tht Company has outgrown its original 
modest beginnings, the fundamental idea of rt'.earth 
for the benefit of mankind rather than with the 
profit motive is btill the guiding principle of Merck 
research 

EARLY RESEARCH 

The early nseanh ol the Mtrck Laboratories was 
concerned mainly with anaesthetics alkaloids and 
choline dmvativcs Following the prediction of 
C D Leaki in 1930 that vinvl ether would combine 
the potrncy of ethyl ether with the rapidity of 
induction characteristic of ethylene, W L Rdicti 
and R 1 Major, in 1931, prepared puie vinyl 
ether 1 Its rapid decomposition on exposure to 
light and air, its tendency to polymerize and its 
high volatility all limit the usefulness of the pun- 
compound in anaesthesia but these difficulties were 
succc ssfiilly overcome by the development off wethenc, 
a rapidly acting anaesthetic especially useful in short 
operative procedures 

O Loewi, in iqji, showed* that stimulation of 
the vagus produced a substance in the perfused heart 
capable of parasympathetic activity on another 
heart H Dale later showed* that the substance 
acetylcholine was liberated at the motor endplatcs 
of parasympathcUc and somatic motor nerves follow¬ 
ing the passage of a ner\e impulse Acetylcholine 
u rapidly destroyed by blood and tissue esterases in 
the body and hence its effect is transient The 
development of the more stable acctyl-p- 
mcthyicholine chloride afforded a specific, mecholyl 
chloride, which, as first demonstrated 4 by I Starr 
m 1933, by its stimulation of the parasympathetics 
promptly terminates an attack of auricular paroxysmal 
tachycardia 

By introducing a process for the production of 
synthetic ephednne, thsr Merck Laboratories made a 
significant contribution to the independence of 


American medicine from foreign sources of supply 
of essential drug material 

THE VITAMINS 

Since 1934 the name Merck has been ldintifud 
with American leadership in the synthesis, develop¬ 
ment and large scale synthetic produc lion of vitamins 
Following an initial rxploration of the possibility of 
synthesizing vitamin c, the Merck Laboratories 
began the (ollaboration with R R Wiiuams that 
was to lead to the now iamiliar but still brilliant 
synthesis 1 of vitamin R, \s a result of i»evcral years 
of intensive work, Williams and his co-worktra in 
19were able to devise a method for securing 
consistent yields of thr anti-m untie vitamin hydro- 
chlonde from nrr polishings In nxiperation with 
Mr n k & Co, Inc suffw lent of thr precious natural 
vitamin in thr pure crystalline state was obtained 
to farilitate the investigation and ultimate successful 
synthesis of the pynmidinc moiety and of the vitamin 
itself The culminating stage of final sumu>ful com¬ 
mercial synthesis was soon accomplished and 
followed the roursc ot the vitamin Bi synthesis 
devised by R R Williams and J K Ciinl* 

Iht work 7 of P GyuRgv showed that the rat 
pcllagia or dermatitis, at one time confused with 
human p< Uagra, could be cured by a factor present 
in yeast to which he gave the name vitamin a f In 
193B the vitamin was isolated simultaneously by a 
number oi investigators" In the course of a year, 
thr structme of the vitamin was elucidated and the 
vitamin was synthesized 1 by S A Harris and K 
Foi KERS 

In 1943 R J Williams and his collaborators 
had discovered 10 an acidic substance of widespread 
occurrence which stimulates the growth of yeast 
During sub* quent years Williams was able to con¬ 
centrate this yeast growth factor which he called 
pantothenic acid and to obtain as a final pioduct a 
calcium salt which he estimated to have a punty of 
about 90 per cent Williams and his co-workcra 
showed that pantothenic arid consisted of p- 
alamnc in combination with a hydroxy acid and 
almost simultaneously Wisconsin and Californian 
workers came to the conclusion that the chick anti- 
dermautis factor and pantothenic acid were one and 
tl>e same substance 

For some timfc before this, research work on the 
chick anti-dermatitis factor had been in progress in 
the Merck Research Laboratory, and in the spring 
of 1939 the collaboration of R J Williams was ob¬ 
tained and a mutual interchange of unpublished 
data took place The microbiological assay method 
dependent on the stimulation of the growth of 
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micro-organisms by pantothenic acid, developed by 
Will (ami and his co-workers, was invaluable in the 
investigations which led to the isolation of the lactone 
moictv ol the vitamin molecule from whit h, by con¬ 
densation with [3-alamnt, synthetic salts of panto¬ 
thenic acid were finally picpared 

I he growth factor, biotin, which cures rats and 
humans of the skin disease known as egg-white 
injury, identified as vitamin h and as co-rn/yme R, 
was synthcsi7cd by S A Harris, D h Wolf, R 
Mo7IN( o and K toi kfrs in 194j 11 Its structural 
formula had been previously announced by V du 
Vioni ald and his co-workers at Cornell University 
Medical College 1J Known to consist of a «j-mem- 
bered urea ring fused to a ymenilx red cyclic ether 
having a normal valeric acid side chain further 
studies, in collaboration with a group of workers from 
the Merck Laboratories, some of them previously 
experienced in the isolation and structural determina¬ 
tion studies of vitamins b,, b« and pantothenic and, 
confirmed by desulphurizing reductive cleavage that 
the fundamental ring structure was a thiophene and 
that biotin is 2 , -keio-3,4-imidazohdo-^-utrahydro- 
thiophene valeric acid 

Although it has recently been shown that folic 
acid, a new member of the vitamin b complex, and 
to some extent thymine, a banc cell constituent of 
the body, arc both effective in producing blood 
regene ration in pernicious anarmia and some other 
macrocytic anaemias, they do not prevent, control 
or relieve the symptoms arising from degeneration 
of the spinal cord Moreover, it has be en recognized 
that many concentrates of liver, with high potency 
in the treatment of pernicious anaemia, contam 
only infinitesimal amounts of folic acid Accordingly, 
the search for the potent anti-anacmic factor con¬ 
tinued The search was notably hindered by the 
lack of any reliable a:*&y method to guide the labour 
of fractionation The difficulties were lightened 
when, in 1947, M S Siiorb reported 11 finding in liver 
extracts a growth factor (LI D) required by Lacto¬ 
bacillus lartif, Dnmcr, in concentrations bearing an 
almost linear n lationship to the unit potency of the 
extracts used in the treatment of pernicious anaemia 
Guided by this assay, E L Rickes, N G Brink, 
h R Koniuszy, 1 R Wood and K Folxers were 
able to purify further clinically active liver fractions, 
and to isolate 14 , in minute amounts, a red crystalline 
compound vitamin b t , highly active for the growth 
of L lochs and with a potency of 11,000,000 LLD 
urui/mg In the clinical treatment of pernicious 
anaemia in relapse, intramuscular doses of as little 
as one microgram have given strongly positive 
haemopoietic response with prompt increase in the 
circulating reticulocytes, red cells, and haemoglobin 


The most notable achievement of the Merck 
laboratories in the field of fat-soluble vitamins was 
probably the contribution 11 of E Fernholz and 
J Iinkelstein to the chemistry of vitamin e Al¬ 
though the existence of the so-called anti-stenlity 
vitamin was first brought to light in igJi, the 
isolation and chemical invc sligation of vitamin e was 
hindered, partly because of the rather troublesome 
test method, and partly by the difficulty of frac¬ 
tionating the complex mixture pit sent in the un- 
sapomfiablc fraction of wheatgerm oil In 1936, 
H M Evans, O H Emerson and G A Emerson 
were able to isolate as crystalline allophanatea, the 
alcohols a- and p-tocopherol M rhe first major 
advance in the chemistry of /i-tocophero) was made 
by Fernholz who found that pyrolysis at 350°C 
>ielded duroquinol and later, by a brilliant piece of 
dcgradativc work arrived at the conclusion that 
a-tocophcrol was a throman dcm<itiv( Synthesis 
by the condensation of pseudo-cumoquinol with 
phytyl bromide (phytol, phytadienc) and resolution 
of the racemic synthetic produ< t through the brorao 
camphorsulphonate showed the corrcc tness of fern- 
holz’ conclusions 

THE SUI PHONAM1DES 

The introduction of the sulphonamidcs constituted 
one of the groan st advances of all time in the ch( mical 
treatment of disease One of the pioneer manufac¬ 
turers of sulphTnilamidt, Merck also was the first 
to produce sulphapyridim in the United States after 
its development in Fngland, and later became one 
of the leading large scale producers of sulphathiazole 
and other sulpha- drugs Among the newer drugs 
of this senes introduced by Merck is Sulphaqmnoxalvu 
whic h has dc monstrated effu acy in the treatment of 
cccal coccidiosis in chickens and is consequently of 
great economic unportanre 

THE ANTIBIOTICS 

With the constant urge and necessity lor exploration 
of new avenues of approach to the problem of 
microbial antagonism, it u not surprising that 
enormous inter* st was aroused in industrial research 
laboratories by the papier, The Bactericidal Effect iff an 
Extract of a Soil Bacillus on Gram-positive Cocci , pub¬ 
lished 17 in 1939 by R J Dubos, one-time student 
of soil biology under S A Wars man at Rutgers 
Univeruly Before the end of that year, in connec¬ 
tion with Dubos, investigators m the Merck Labora¬ 
tories started work on the antibiotic Tjrothnem, & 
mixture of polypeptides derived from an aerobic 
sporogenous bacillus, B brevis, work that was to 
develop into the commercial production of tyrocidine 
and gramicidin, now used as local antiseptics for a 
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variety of purposes Consequently, following the 
arrival of Florey and Hcatley in the United States in 
1941, Merck wan able to play a pioneer role in the 
wartime commercial production of penicillin Dui mg 
1944 a plant for the production of penicillin wan 
erected by Merck and Co , I td, in Montreal and put 
into commercial operation within nix weeks from the 
actual start of consti uction 

The fundamental rev arch work behind the enor¬ 
mous rommon lal undertaking has only ru c ntly be en 
published in the monumental monograph Hu 
Chtmistiy 0/ Penicillin in which the labours oi British 
and American scientists on the pioblcms ot the 
struc ur and synthesis are recounted in detail 1 " 
Ihc work of holkem, Perk, Kac/ka, Mozingo, Siudi, 
Woodruff and Trennrr on the structuie of benzvl- 
pemcillin, desthioben/ylpenicillm, pcmlloit and 
pemcilloK acids , on physical methods of analysis , 
and on nucrohiologn al assay methods is pr< sc nit d in 
full 

Following the isolation ofstreptomycm from Strefito- 
jtiyces griMus by S \ Waksman 1 * and his students 111 
194 k the chrmical, pharmacological and duucal 
investigations by Mtick scientists and thtir col¬ 
laborators enabled the company to go into large 
scalt. production ol this valuable antibiotic, with 
world-wide acceptance as a valuable adjunct to 
established methods of treatment in arresting certain 
types of human tuberculosis Ihc knowledge and 
experience gained by the intensive labour of de¬ 
veloping the antibiotics from experimental small 
beginnings to large scale commercial production is 
reliccted in the drop in price of streptomycin, 
originally £*> a gram to its present U S price ol less 
than 4 s a gram To kec p pare with modern trends 
much experimental work is now in progress in the 
investigation of still more effective and specifically 
potent antibiotics 

COR TISONF 

The most recent large scale project of the Merck 
research organization and one that shows to best 
advantage the close cooperation between the various 
diMsions of the Merck organization, the Scientific 
Areas and the collaborating academic and insutu- 
Uonal workers, u concerned with the synthesis and 
large scale production of the adrenal cortical hor¬ 
mone, E C Kendall's compound E, cortisone 

Wartime interest in the adrenal cortical hormones 
led to a cooperative research arrangement between 
Kendall and the Merck Laboratories Dr J van 
db Kamp and his assoc lates undertook large laboratory 
scale production of intermediate products which 
Kendall hoped woukf lead to a synthesis of com¬ 
pound A Thu assistance proved to be of great help 


and culminated in 1944 when Kendall was able to 
announce JD his successful synthesis of compound A 
Unfortunately, compound A was found to have little 
physiological activity in the treatment of shock, 
fatigue and related conditions Interest shiftrd 
accordingly to compound b Finally, L H Sarett 
successfully completed the first synthesis of cortisone 
from desoxyrholic acid 1 Further cooperative work 
with L G Kendai t led to a simpler production 
method for cortisone 

The development of this laboratory synthesis into 
a practical commercial method of production was of 
niuvuly laborious Under the leadership of M 
Tishlfr and J van dl Kami 1 , a group of develop- 
mt nt c hen lists of the Merck Laboratories devised less 
tedious and more productive pnxedurts and so 
provided sufficient mate rial 9 for those preliminary 
clinical evaluations which ltd to the dramatic 
demonstrations 1 J ot Us value in rheumatoid arthritis 
by P S Hench and his assoc lates at the Mayo C linit 

Those first cases of rheumatoid arthritis and 
rheumatic fcvir treated with cortisone not only 
openid the door to possible control of these wide¬ 
spread disabling disease s but provided a new concept 
of the cause and nature of such diseases, and in so 
doing made it imperative that no effort could be 
spared to make this vital compound re adily available 
in commercial quantities 

Aided by engineering research and design, the 
devc lopmi nt protedurc s workt d out by van d« Kamp 
and his co-workers gradually passed through pilot 
plant levels into limited factory production so that 
matt rial is available for an extensive clinical rest arch 
programme now bong carried out by outstanding 
experts in the U b \ and at widely sc altcn d centres 
throughout the world Today, cortisone has already 
been tried in over fifty different diseases C urrent 
research in the cortisone field is being vigorously 
pin sued to improve present processes to discover 
more available intermediates and to examine the 
possibility of total syntheses 

1 his constantly expanding it scare h on the adrenal 
cortical hormones differs in no way from that in 
other fields In all such developmc nts of a new drug 
from the fundamental research of the discovc rers and 
their scientific consultants to the final marketing and 
distribution of thL remedy to the physicians for the 
treatment of their patients, th< collaboration of the 
various members of a will developed and closely 
integrated organization is highly essential Ihc pre¬ 
liminary pharmacological investigations of The 
Merck Institute for Therapeutic Research and its 
associated academic collaborators guide the develop¬ 
ment of the drug until the remedy is suitable for 
clinical investigation The large scale manufacturing 
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Miscellaneous Notes 


operations which follow as the result of engineering 
resean h and design and factory research in produc¬ 
tion problems are carefully controlled to assure com¬ 
pliance with and adherence to company and federal 
standards finally, the problems of production, 
par Waging, shipping, marketing ard distribution must 
receive adequate consideration before tht new diug 
ran become generally available to the average patient 

lht provision of the new drug* so necessary lor 
the development of medical sucnce is regarded as 
the most important single me die al problem of today 
Only by the constant labours of the highly organized 
industrial la bora to lies and then collaborating fellow 
scientists can this need be satisfied to a high degree 
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Miscellaneous Motes 


At RICUI I UR AL RESEARCH COUNCIL 

('ll anc fs are being made in the administration of 
the foot-and-Mouth Dibcasc Research StatiorL Tht 
work at this Station has up to tht present been con¬ 
ducted under the scientific direction of a C mnmittre 
appointed by the Minister of Agriculture with the 
financ lal and administrative arrangements being 
made by the Ministry I he Station is now to join 
tht family of research institutes, being financed by 
grant-aid from the Ministry of Agriculture and 
coming under the scientific oversight of the Agri¬ 
cultural Research ( ouncil The new Governing Body 
is being constituted by the Minister of Agriculture 
and the Secretary of State for Scotland, in agreement 
with the Agneuitural and Medical Research Councils 
as a Company limited by guarantee and without 
share rapital , and in the membership of the Govern¬ 
ing Body representation of scientific interests both in 
medicine and animal health has been secured 
Membership of the Governing Body is as follows 
Dr A N Drury cbe,rd,frs, (Chairman), Dr 
C H Andrewfs, mu.frh, Professor S P Bedson, 
U D ,D SC .PRCPjPRS.T DaU ING, M A , M R C V S , 
p r • f , Professor R E Glover, ma,bbc,frcvs, 
Dr J Russell Greiq, cbe,phd,urcv8,fru, 
Professor Wilson Smith, md, prs and Professor 
W I B Bfr VSRIOGE, If a , d v sc (Sydney) 


RO\ AI SOCITIY OF ARTS 

As pait of the Sex lety’s celt brations of the centenary 
ol the Great Exhibition of 1831, which it originated, 
and as a constructive effort to assist the nation in its 
present difficulties, the (ouncil of the Royal Society 
ol Arts propose to award on 1 May 1951 a Prize of 
a Gold Medal and a sum of £500 for a means ol 
promoting the production or the economic utiliza¬ 
tion of food in Britain ’ 

Ihe proposal may be quite general or may be 
concerned with any particular branch or aspect of 
food production Proposals submitted must be as 
well documi nted as possible and the Council have 
therefore decided not to prescribe any fixed limit of 
It ngth for written communications At the same lime 
they wish to impress upon all competitors the im¬ 
portance of concisentbs in their remarks I he judges 
may require some practical demonstration of any 
mechanical device or process submitted 

Entries must reach the Secretary of the Roya 
Society of Arts, John Adam Street, Adelphi, London, 
WCa, by 1 March 1951 

INSTITUTE OF PHYSICb 

At the Annual General Meeting of the Institute of 
Physics, Professor W E Gurtu (Professor of Physics, 
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King's College, University of Durham, Newcastle- 
upon-Tyne) was elected President 

Professor T G Cox was elected a Vice-President, 
and Dr f P Bowden and G R Noahs were 
elected Ordinary Members of the Board The 
Honorary Treasurer, E R Davies and the Honorary 
Secretary, Dr B P Duddinc., were re-eketed Pro¬ 
fessor H W Thompson joins the Board as the new 
representative of the Taraday Socuty 

COMING EVENTS 

Annual Exhibition and Symposium qf Scientific Instrument 
Manufacturers* Association , Examination Hall, Queen 
Square, London, 5-8 September 
Stxth National Chemical Exposition , Chicago, 5-9 Sep¬ 
tember 

Royal Netherlands Industries Fair , Utrecht, 5-14 Sep¬ 
tember 

Seventeenth National Radio Exhibition, Castle Bromwich, 
Birmingham, 6-16 September 
International Nuclear Physics Conference , Harwell and 
Oxford 7-13 September 

Second Biennial Congress of International Union of Leather 
Chemists * Societies, Regent St Polytethnic, London, 
10-13 September 


International Meetrng of Associations for Advancement of 
Science, UNESCO, Pans, 11-12 September 
Annual Meeting of French Association for Advancement of 
Science, Toulouse, 1 i~i6 September 
Sixth Educational Graphic Arts Exhibition, Chicago, 11- 
23 September 

Eighth Annual Meeting qf Electron Microscope Society qf 
America, Hotel Statler, Detroit, Michigan, 14-16 
September 

International Congress on Electron Microscopy, Pans, 14- 
22 September 

9 jrd Congress qf Industnal Chemistry, Milan, 17-23 
September 

International Conference on Spectroscopy at Radto-Prequencies, 
Netherlands Physical Society, Amsterdam, 18-23 
St ptember 

Royal Agricultural Society oj Kenya Annual Show , Nakuru, 
19 ai September 

Spectroscopy and Molecular Structure and Optical Mtthods 
in Investigation of Cell Structure , Cambridge, 25-28 
September 

International Railway Congre\s Association Meeting, Rome, 
25 S< pU mber- 4 October 

Fourth National Congress of Aisoctayone Itahana di 
Metallurgy, Florence, 28 September-1 October 


New Books 


The Petroleum Chemicals Industry 

R 1- CjOI DSTE1N 

(v»H 449 PP > 9* tables tl/us 3 9 } in by 6 in) 
London h and I N Spon Ltd injq bp net 

1 hose who have had occasion to search the literature 
for specific facts on chemical process^ based on 
petroleum raw materials will gratefully welcome the 
appearance of this compilation of hitherto widely 
scattered data Ihr author has dug deep, but 
selectively, and sifted his matter with care 

The book deals with iht subject primarily trom 
the point of view of the mechanism and thermo¬ 
dynamics of the processes involved, the effect of 
reaction conditions, and the ultimate application of 
the processes to commercial production Starting 
with a general outline of petroleum processing, he 
discusses the synthesis and reactions of carbon 
monoxide-hydrogen mixtures and the manufacture 
or separation of the different hydrocarbon raw 
materials The production and reactions of specific 
types of chemicals—ketones, alcohols, acids, olefin 
oxides etc are then gpvered, finishing with a bnef 
chapter on chemical by-products from petroleum 
refining 


Useful appendices are included gning charts 
showing the routes to petroleum chemicals and 
statistics on produc tion and consumption of petroleum 
and chemical by-products (With regard to the last 
mentioned, it is und< rslood that the fact that thi sc 
ire rather out ol datt is a fault of the limes in whic h 
we live rather than ol the author ) 

With the rapidly growing importance and economic 
significance of the production ol chemicals in this 
country, this book will serve as an authoritative guidr 
both for the industry itself and for users of the pro¬ 
ducts I urther, it will be found of considerable 
value to lecturers, covering as it does many branrhc s 
of chemistry not adequately covered in general 
chemical treatises and emphasizing the contribution 
of the petroleum industry to scientific knowledge in 
fields such as the reactions of the hitherto intractable 
paraffins, the substitutive chlorination of olefins, the 
alkylation process, the development of highly sprcific 
catalysts, and a better knowledge of their functioning 
Ihe book u well bound and printed, adequately 
indexed, and the author's dear and concise style 
makes for easy reading In spite of its high price, it 
should be found on the desks of all interested in the 

petroleum chemicals industry ^ „ 

7 C L Gilbert 
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New Books 


A Monograph of Clavana and Allied 
Genera 

E J H CORNER 

Armais of Botany Memovs , No 1 
(\i /|-740 pp t 2fj8tllu \, 75 plates, 9I in by 6 { tn) 
london Oxford Univt rviiy Prt ns 19^0 1051 mt 

Wr vem to hr witnessing at the moment a welcome 
blossoming of botanical literature in Britain and it 
»indeed pleasing that the \nnals ol Botany C ompany 
should assist 111 this blooming by sponsoring a new 
aeries ol which this monograph is the first It sets a 
high standard for its successors, for Corner’s book 
on clavanoid fungi is an unposing monograph 
bringing together existing s\ sterna tic knowledge and 
adding much that is new from his c xtensive work on 
these fungi both in rnghnd and in S h Asia 

The author deliberately avoids the use ol the 
family name Clavanareic to embrace these lungi 
because he feels that they by no incans form a 
natuial group 1 his c c ntury is sc t ing the breakdown 
of the Fru sian c lassi(nation of hight r Basidioraycetes 
] he work ol HriM and others ol the 1 renrh sehool 
has shown that both Agancatcae and Pol>poraccae 
arc unnatural assemblages, and now Clavanacrac 
must be added to the list 

lhe work under review is essentially a systematic 
treatment of the grnei a 4 phi lana I rat ocorynt , C anpia , 
( eratt flops is, C haetotyphula, C lainiria C lax anachat te, 
Glavanadelphus , tfoiicorona, Clavuhna , tlai'idmopw , 
Dtflexula , Dunorphocystu Hormomitana, Lachnockuhum , 
Lent ana, Mtrromlhi, A fyxomitdium Physalaina , 
PistUlana , PiUilltna , PUrula , Pterulicxum , Ramana, 
Ratnarvjpus, Scytinopogon and Typhula It is intended 
for laboratory and held use 

One of Corner’s chuf <ontnbutions to Mycology 
w his study of developmental anatomy of the larger 
fungi and his analysis of how different hyphal 
systems cooperate m the production of the final 
result I he piesent work contains a great deal of 
most interesting information about the anatomy ot 
clavanoid fungi illustrated by some of the most 
beautiful illustrations of basidiomycete structure that 
has e ever been published Especially intriguing are 
those species e g Ramana cyanoccphala, in which the 
hymemum gradually thickens with age leaving 
exhausted basidta and some detached spores immersed 
in the older and deeper tissues However, the present 
volume is only the first part and is supposed to be 
introductory to a lurther work on the morphology 
of clavanoid fungi Those who have turned over the 
pages of the systematic volume will look forward 
eagerly to the promised one on morphology 

Besides the black and white pictures there are 


fifteen coloured plates very beautifully executed and 
produced, but it is most regrettable that part of the 
cost of the sc, as pointed out by Professor Fritsch m 
hu fore word, should fall on the author 

(Wr was working in Malaya when it was 
invaded and he fell into Japanese hands In a world 
torn by hatred it is heartening to hnd that he 
acknowledges indebtedness to those who were 
technically hu cncmic s, but who had the generosity 
and breadth of mind to enable him to continue hu 
work under the ir protection 

There can be no doubt of the importance of this 
contribution to the morphology, taxonomy and 
phylogeny of clavanoid fungi, but it is essentially a 
work for libraries and museums rather than for 
individuals, and its price is necessarily high The 
author would rendei a great service to students ol 
Mycology in the universities it he would produce a 
short work on the Morphology and Developmental 
Anatomy of the Highi r Fungi ruhly illustrated by 
his beautiful drawings 

C I Incold 

Gmclins Handbuch doi anorgamsthen 
Chemie 

Eighth edition Edited by*, h e pie mil 
Aluminium (A 8) Ternary Alloys 
\lumimum-Iron-Carbon , ALumimum-Iron-Silicon 
(11 \ pp, illus 404 481 , tom by yin) 

\\ cinhi lm/Bcrgitrd&bc Vcrlsg C hemic G m b H , 1950 
I his volume dials with two important groups of 
aluminium alloys, for which it gives many excellent 
phase diagrams a review ol physical and mechanical 
properties and information on corrosion and chemical 
analysis It has been compiled with that care and 
attention to detail which have gained lor Cmelin 
international recognition as a reference work Ihis 
particular part will be of special interest to metal¬ 
lurgists Its appearance is welcome evidence that 
the difficulties of the post-war period have now been 
largely overcome, and that the production of the 
remaining volumes, a considerable number of which 
are still musing, is likely to go on at an increasing rate 

H J Emfltus 

Books lo Come 

Science of Petroleum, Vol V, Part I Crude Oils, 
their Chemical and Physical Properties Edited by 

B T BROOKS and A E DUNSTAN (gOO pp, tUus , 

11 in by 8 w) London Oxford University Press 
4a s net 

Mathematical Solution of Engineering Problems 
j Jennings (sio pp, do tUus, medium 8vo) London 
E and F N Spon Ltd ap net 



RESEARCH SUPPLEMENT 


Characterization of d-Glucosamine 

P W KENT, B Sc, Ph D, T R I C 

d-Glucosamme has been converted into crystalline aldehydo derivative* and a fmanose gtycosxd’ 
of the sugar has been obtained The preparation and chromatographic behaviour of n-(*,4- 
dimtrophenyi) substituted glucosamine and related compounds is described a\ a method of 
detection and separation of tht ammo sugar in the presence of uromc acids and neutral sugais 


The ammo sugars are of considerable importance 
as components of biologically important compounds 
notably some tissue components, bactc rial poly¬ 
saccharides, blood group substances, hcpann etc In 
the majority of substances studied the amino sugar 
is firmly bound and few methods 1 arc available for 
the study and isolation of these sugar-* 
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In ovomucoid 1 , hyaluronic acid* and the lipoid 
bound polysaccharide Mu oboe ten utn tuberculosis* % d- 
glucosamine is found in the pyranose form Hie 
growing significance of amino sugars makes it im¬ 
perative that as many reference compounds as 
possiblt should be synthesized Arc oniinglv, a num- 
ber of crystalline derivative s has now been made in 
order to facilitate the eharac ter- 
i/ation of the various forms of 
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glucosamine, Figure i 

(/-Glucosamine hydrochloride 
was rt acted at room tempe nature 
with rihy I mercaptan in the 
presence of excess concentrated 
hydrochloric acid (density i 4) 
Removal ol the acid by means of 
lead carbonate and evaporation 
of the solvent gave a product 
which crystallized readily as rf- 
glucosamine die thyl m< rcaptal 
hydrochloride I m pt 75 to 
7b c C angle of rotation [d|*J — 
i8o°(H 1 0, c o ib) , found G 
37 °» H 7 38, N 4 11, S 19 b per 
cent C, a H t4 04NSgGl requires 
C 37 a, H 745, N 435, S 199 
per cent Acetylation of I with 
acetic anhydride m methanol 
yielded n acetyl (/-glucosamine 
diethyl mercaptal II m pt lai to 
iaa°C [alJ*-a 4 0 (H 1 0,co4) ( 
found C 44 o, H 7 63, N 4 16, 
b 19 a per cent CuHuOgNSg 
requires C 44 i, H 7 66, N 4 27, 
S 19 6 per cent, while further 
acetylation of // (or /) with 
acetic anhydride in pyridine 
furnished pentacetyl (/-glucos¬ 
amine die thyl mercaptal III m pt 
160 to i6i°C [«]” + a°(CHCl t , 
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no), found C 48 83, H 7 02, N 2 32, S 12 76 
per cent C^H^O^NS, requires C 4849, H 6 6, 

N 283, S 1295 per cent Pentacetyl aldehydo-e/- 
glucosamine IV was formed when III was treated 
with a solution of mercuric chloride in acetone 1 
This compound IV was separated from the re 
action mixture chromatographically on a powdered 
cellulose column and was e rystallizcd from di- 
uopropyl ether, m pt 156 to 157°C [a]{* + 36° 
(CHC 1 ,, f o 1) , found C 49 i, II 5 75, N 3 33 per 
cent t lt H B ,NO„ requires C 49 4, H 5 91, N 3 59 
per cent The Aldehydo pentaeetate IV was itrongly 
reducing toward tehbng’s solution, had an absorp¬ 
tion band in the ultraviolet region of the spectrum 
at 2,650 A and restored the colour to SchifT’s reagent 
in the same way as pentacetyl aldehydo glucose and 
pentacetyl aldehydo galactose, examined under the 
same conditions 

Treatment of N acetyW-glucosamine diethyl mrr- 
eaptal //with mercuric chloride in methanol* yielded 
a compound having properties consistent with 2- 
dcoxy j-acetylamino methyl glucofura noside V 
fa] J' — 25° (HjO, co8) , found OMe 1 j o per cent 
C t Hi 0 *N requires OMe 1 ) 19 per cent 

The furanoside V was readily oxidized by penodate 
ion, utilizing one mol and liberating formaldehyde 
The compound V was hydrolysed by o 01 n acid at 
IOO°C in thnr hours ([a]^ - 25 0 -> + 39 0 ) yielding 
N acetyl-d-glucosamine 

A new senes of crystalline denvatws has been 
obtained by virtue of the fact that 2,4-dinitrofluoro- 
benzene reacted with d-glucosaminc (1 mol) under 
very mild conditions 7 The icactants were shaken 
for a hr in 50 per cent aqueous cthanolic solution in 
the presence of sodium bicarbonate (2 mol) t vapora- 
tion ot the solvent yielded N-( 2 , 4 -dmitrophenyl)-e/- 
glucosarrune VI m pt 167 to ibq 0 C fa]” 4 50 o° in 
ethanol , Ry 07^, found C 41 6, H 4 20, N 119 
per cent Ci a Hi k O p N, requires C 41 80, H 435, 

N 12 18 per cent Acetylation of this compound VI 
with acetic anhydride and pyridine gives a highly 
crystalline material, tetracetyl DNP glucosamine VII 
[where DNP represents N-(2,4-dmitrophenyl)-| m pt 
139 to ibo°C [a]jf* + 73 0 , R h o 93, found C 46 56, 

H 434, N 803 per cent ( , i a H M N^)| fl requires 
C 46 70, H 4 49, N 8 20 per cent Similarly, tetracetyl 
DNP glucosamine diethyl mercaptal VIII m pt 87 
to 88°C [a]” — 108 5 0 m chloroform , o 96 , 
found C' 463, H 52B, N 721, S 1005 per cent 
CnH tl N|S i 0 li requires C 4632, H 535, N 679, 

S 10 35 per cent, and DNP glucoaaminic acid IX 
m pt 107 to io8°C , R t 060 , found N 11 41 per 
cent C ia HuN s 0 1B requires N 11 65 per cent were 
obtained 
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fhese substances could be separated readily from 
uronic acids and neutral sugars by paper chromato¬ 
graphy using Whatman Mo t filter paper and N- 
butanol (40 per cent) — ethanol (10 per cent) — 
water (50 per cent) mixture as the eluting agent 

The appropriate R± values (where denotes the 
ratio of the distance moved by the substance to that 
moved by the solvent) are indicated above Similarly, 
good separation could be achieved between DNP 
glucosamine derivatives and DNP amino acids rhe 
rc ac tion between glucosamine and the fluoro reagent 
was quantitative and there is no evidence to suggest 
any reaction with neutral sugars Mixtures of neutral 
sugars, uronic acids and glucosamine could be treated 
in situ with 2,4-dimtroiluorobcnzcne under the pre¬ 
scribed conditions When two drops ol the resulting 
reaction mixture were applied to the paper chro¬ 
matogram, the movement of the bright yc llow DNP 
glucosamine could be observed directly Any un- 
changc d dinitrolluoroben/c ne moved with the solvent 
iront and the neutral sugars could lx observed by 
drying the paper and spraying with aniline hydrogen 
phthalate solution 

By this method the presence of glucosamine has 
been demonstrated in hydrolysed blood group a sub¬ 
stance, heparin and ovomucoid I he procedure is 
being developed to deal with problems in the sti uc- 
tural study of mucopolysaccharides and muropro- 
tcim, ribo- and de oxynbonuclcic acids 

This uwk has betn made possible by a grant from ICI 
Ltd for which the author expresses hi\ thanks He ts also 
grateful to A W D Huggell for the technical assistance 
remhred 

A E Hills Laboratories 

University of Birmingham 

{Received July /550) 
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Heat Transfer by Spray Cooling 

It is a remarkable fact that there seems to be no 
published work on the measurement of the heat 
transfer to a spray from a hot surface on which it 
impinges Dus note is intended to show how this 
data may be obtained 

There are two reasons for tht importance of 
determining a relationship between spray cooling 
heat transier and the othir variables of the system 
Tint, spray cooling is already widely used, and until 
such a relationship is available the design of a spray 
cooling system must be empirical and probably 
inefficient Secondly, there may be occasions when 
it is necessary to choose between cooling a hot 
surfac e by me ans of water flowing tangi ntially over 
it or by using a sy stem of water spray s , at the moment 
thu can only be done by trial It was in the course 
of such a trial that the following results were obtained 
If the absent relationship were dtterminid, such a 
comparison could be made more easily by calculation 

Ihe variables art those of the cooled surface the 
coolant (assumed to be water), and the geometry of 
the jet arrangement Tht present expenments have 
shown that, in general, the effect of each jet may be 
considered separately as acting alone over the area 
adjacent to the point of impact on the hot surface 
This fact simplifies the problem, since the pattern 
of a bank of jets is then comparatively unimportant 
The variables may be correlated by a dimensionless 
equation ol all like ly variables, finding by experiment 
the importance of each 1 his equation was assumed 
to be of the form 

N„-A (R,)> (P,)" (<///>)- 

where A , /, m, n art constants to be determined by 
experiment, and JV W , R t and P, are dimi nsionlcss 
factors known as the Nuwclt, Reynolds and Prandtl 
numben 1 rhr ratio djD is that < 1 the jet diameter 
lo the diameter of the eflci tive area of hot surfare 
that it cools 

If it is assumed (hat the cooling water hardly 
alters in temperature, the Prandd factor may be 
omitted from the equation However this is only 
possible when the surface is cooled to below the 
boiling point of water Above ioo°C the constants 
in the equation will be quite different owing to the 
formation of a steam layer* 

The following method of heat transfer determina¬ 
tion is suitable for both ranges of heat transfer The 
bat transfer over the small area of one fare of a 
one inch 4 probe *, the opposite face being heated 
by a bunsen or oxyacetylene flame, is derived from 
the teftiprrature gradient along it Tfus gradient is 
found from two or more thermocouples welded on 
to the copper probe It gives the temperature of the 
surface by extrapolation, and the hat flux through 



Figure i (urvt showing empirical relationship 
h m cc Rt 1 !* for different jet diameters where h m 
tt the average heat transjer coefficient 
\ial <m _1 (f )" 1 sec l ] and R,t\ the Reynolds 
number 

it, and the ratio of these factors gives the surface 
conductivity it heat transier coefficient lhis has 
b< c n found to be independent of the surface tempi ra- 
furc (below ioo c G), so that a relationship like Ohm’s 
law is applu able to the suriacc boundary layer 
By moving the jet over the copper plate, part of 
the surface ol which u the end of the ‘probe’ 
[j in (6 j mm) diam], one can measure the heat 
conductivity over the whole of the region cooled by 
the jet To obtain average value s of hi at transier, 
suitable integration the n allows determination of the 
constants in the suggested formula 

The few results in Figure i show the change w 
average heat transfer over the area of the probe as 
the Reynolds number te diameter and velocity, of 
the jc t is altered In this special rase the |et impinges 
directly on the end of the probe Although only 
approximate, these results suggest that / in the 
equation has a value of about 4/3 

It is intended to make a few measurements on a 
water cooled hot surface above ioo°C, but the 
problem must be of such general interest that it is 
to be hoped that some reader will be able to make 
an extensive and definitive determination of the 

spray cooling heat transfer _ , 

r ' 0 E Linacre 

Department qf Physics 
British Iron and Steel Research Association 

(Received August 1950) 
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Perfluoro Amines 

The fluonnation of organic compound* containing 
nitrogen by mcani of fluorine on the surface of a 
‘catalyst’, or by cobalt tnfluonde, was described 
recently 1 Cobalt tnfluonde has now been used to 
fluormate a senes of tertiary amines and the corre¬ 
sponding perfluoro tertiary amines have been 
isolated in small yield 1 he properties ol these 
compounds are shown in Table I 


Tahiti 


( ampound 


/i pt 

L 


« l,)'N 
'CF.UC 
(t F 1 )(t ,U).N 


(< ,1 )tN 

it »)% 

II ,1 *)jN 


-6 to 7 
40 to -- 

41 1 I" l*> » — 

70 ) 1 jGi 

I 4 <MJ 1 47 ** 

146 fo 14H 1 iHji 

17*1 1 1 




1 7 J<> 
1 fl 4 
1 All 
1 871 


The yield of perfluoro trimethylamim was very 
low since the fluonnation ol tnmethylamine gave 
mainly perfluoro dimethylamine and perfluoro 
m< thvlaminc* Of the amines studied, tru thylamine, 
tnpropylamine, and tributylaminc were available in 
quantity and the properties of the corresponding 
perfluoro compounds wc n dc tc rmincd in more dt tail 
than was possible with the limitrd amounts oi the 
C t , C» and G l0 amines available 

Ihe boiling points ol the ptrfluoro amints vary 
regularly with the number ot carbon atoms, and the 
boiling points of perfluoro methylaminc ( 75 C) 

and perfluoro dimethylamine (- 37 C) lie on an 
extension o! this curve The boiling points ot pei- 
fluoro piperidine (49 to ^o'C), perftuonw^fohexyl- 
amine (75 to 76 C), and perfluoro dime thy \eyclo- 
hexylamuu (116 to uo L C) lie blightly above the 
curve, and divugc more as the senes is ascendid 
fcurthermorc, if for the fluorocarbons , shown 

in Table II J the values of boiling point are plotted 
against (a — 1) on the same graph, then it is iound 
that the curve so obtained lies dose to that for the 
perfluoro amines The lines diverge as the senes is 
ascended 

Thus it is apparent that the replacement of carbon 
by nitrogen in a fluorocarbon does not alter the 
boiling point appreciably even though the resultant 
compound may contain a small* r number of fluonne 
atoms (for example (Cr,)(C iF^N, b pt 

45 5 to 4b 5’C , perfluoropipendine, CJNF,,, b pt 
49 to 50'C , C t F lo b pt 58°C , and perfluorogu/o- 


hexane, C a F t , b pt 5i°C and perfluoro tnethyl- 
amine, C a Nt lfii b pt 70 j J C , pcrfluorogv/ohexyl- 
amme, C.Nl' „,b pt 75 to 76 C , perfluoroheptane, 
C v F| ai b pt 8 j°C , and perfluoromethylgv/ohexane, 

b pt 76 C) 

The higher perfluoro tertiary amines are liquids 
whereas the fluorocarbons above C a are solids 1 
Companion of the rrfractive index and density of 
the fluorocarbons \uth those of the nitrogen- 
containing compounds with the same number of 
atoms other than fluonne reveals lairly close agree¬ 
ment (Table III) 
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* VaIum «>f irvd VJV lnr ( ,,F*, and ( trr rxli »pilatcd 

The molecular rc fractions of the perfluoro tertiary 
amines calculated by the I orcnU-Lorcn/ expression 
art shown in fable IV 

Table IV 

( 1 , 1 ,),% (C a F,).N (C ,F ).(!«* ,!■>%• ((,!,),% 

\ 1 Hn IMS 449, *»»") 

1 Hr 1 -i» ui (1 44) 14 ) 

Lffv 4114 4 04 (4 10) J )* 


* I he values fur l\m compound an quoted *ith irstne fincc ilu 
drnuty wn not dciciniinH minutely 

In this tabic, 4 R f gives the atomic refraction of 
fluonne calculated by assuming that the atomic 
refrat tion of nitrogrn is 2 74, the same as in tc rtiary 
amines 1 1 f, however, the atomic relrac tion of fluonne 
is taken as 1 J5, a value obtained for the perfluoro 
paraffins*, then the atomic refraction of nitrogen, 
AR^ can be calculated as shown The molecular 
refractions of perfluoro pipendine and perfluoro 
gvfohcxylammt are -2845 and 3331, and if the 
atomic refraction of fluonne is taken as 1 22, a value 
deduced for perfluoro cyclic compounds*, then the 
atomic refraction of nitrogen u 9 94 in each case 
In view of the rxpcnmental difficulty of measunng 
the low refractive indices recorded here, the agree¬ 
ment is satisfactory although more detailed studies 
may modify the values quoted 


Table II 

t,F, ( ,F| t C|F ( , C,F]| C,F„ Mu CiF* C, t F IB Cutii Giatia 

B pi* t - 78 - 57 - 8 ft 80 58 08 103 123 144 161 178 
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The perQuoro tertiary amines are chemically inert, 
and as pointed out earlier 1 should not naily be 
termed amines since they are not basic and in their 
reactivity resemble nitrogen tnfluonde 

R N Habzbldine 

University Chemical Laboratory 
Umvernty of Cambridge 

(Recetied July /Qjo) 
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An Emission Microscope for 
Photoelection Autoradiography 

lA short preliminary communication with the above 
title was made at the Edinburgh meeting of the 
Physical Society on 19 Frbruaiv 1949 1 

The now well known method of contact auto¬ 
radiography suffers from the inherent disadvantage 
that (he photographic impression is limited in resolu¬ 
tion just because the source of ionizing particles 
(usually (J-particlis) is in actual contact with ihr 
emulsion and because the range of these particles in 
the emulsion is not negligible (the mean range of a 
100 kev cite tron is oi the order of 50 |jl, and for higher 
energies the range men ases some what more rapidly 
than the energy) The method is also limit/ d in that 
the primary photographic image must of necessity 
be or unit magnifiralion only 

Magnified autoradiogiaphy is in principle possible 
when the radioactive source employed emits elc cirons 
of a single energy, and many sources ate now avail¬ 
able which approximate sufficiently closely to this 
condition Strong 4 internal conversion * lines are 
not infrequently found with (J-emittcrs, and they 
constitute, of course, the main spectral component 
of particle radiation when transformation takes place 
by electron capture or isomeric transition As early 
as April 1944, Pool 1 pointed out the likely importance 
of such sources * for certain uses in electron micro¬ 
scopes ’ More than three yean later, Marton and 
Abflson 1 published the first account of a prototype 
instrument producing magnified autoradiographs in 
this way Using the 83 kev internal conversion elec¬ 
trons from flT Ga and a linear magnification of 1 6 
they obtained photographs showing a best resolution 
of about sop In the intervening period one of us 


(N F) had also made plans for the development of 
an instrument of this type and design was com¬ 
menced in the summer of 1946 This was completed 
towards the end of that year (H O W R ) and con- 
strut tion was started in the A E R E woikshop* at 
TRh , Malvern, in the following spring The in¬ 
strument, c.ompku except for camera housing, was 
dclnered on 30 October 1948 



Figure 1 Assembled microscope 

Figure 1 shows an external view of the completed 
microscope Die detailed design will be described 
elstwhen , here it is sufErir nt to say that the spt umtn 
is placed in the lower gap of a two component 
magnclic lens the held of which u maintained 
between soft iron pole puces by the double array 
of horseshoe-type permanent magnets visible in the 
photograph Fir Id roils enable changes in the mag¬ 
netization of these magnets to be conveniently made 
Adjustment of the shape ot the lens field is also 
available through screw motions by which the axial 
positions of the soft iron pole pieces can be altered 

The performance of the emission microscope has 
been studied using thorium active deposit as source 
material* This source provides a good trst of per¬ 
formance since the electrons used in image formation 
(ThB Z^-Hne, 148 kev) comprise only 1/8 of the 
whole electron radiation of the source. Figure 2 
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/ igttrt e Image of brass button 


show the image of a brass button of o 83 mm 
diamt ter lormtd on a Kodak NTia plate at an 
electron-optical magnification of 7 unng an effective 
exposure time of 4 5 hr Ihc surface o! the button 
had previously been engraved with a senes ol inter¬ 
secting grooves of different widths and depths and 
the button had then been activated over emanating 
radiothorium in the usual way I he ( ffet live aperture 
of the instrument in thu experiment was about 10 4 
of the complctr sphere Close study of this photo¬ 
graph indicatis that a best n solution of about bp, 
has been achieved 

It is clear that magnified (photoelectron) auto¬ 
radiography offers possibilities in many directions 
Biological appludtions will turn on the successful use 
of cItctron-sc nsitive emulsions and the plotting of 
images by individual track localization, but in many 
other fields, for which severe limitation of source 
strength is not a primary consideration, the simpler 
techniques of standard electron photography will 
suffice 

A N Barker 
HOW Richardson 
N Feather 

Department of Natural Philosophy 
University oj Edinburgh 

{Received August 1950) 
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Adhesion of Indium under Static and 
Dynamic Landing 

It is well known that when clean metals are placed 
in contact they will adhere and an appreciable force 
u then required to separate them To obtain a suffi¬ 
cient degree of cleanliness it is usually necessary to 
work under vacuum, using metals which have been 
degased at a high temperature In air, appreciable 
adhesion is not usually observed at light loads owing 
to the presence or intervening surface films of oxide 
but when sufficient force is applied to cause plastic 
flow these films may split and metallic junctions form 
Bowdfn and Tabor 1 have demonstrated that with 
such a soft material as indium the adhesive force 
may equal that of the initial loading 

We have been studying the mechanical behaviour 
of metals during impact by measuring piezoelec trically 
the force of unpact as a function of time A typical 
experiment consists of allowing a freely suspended 
hammer weighing about 4^0 gm and carrying a 
o 2«5 in (o 6 cm) diamrtc r test e yhndcr to fall towards 
a similar cylinder supported against the piezoelectric 
c rystal The velocity of approach of the tesi nde 
is less than 80 cm sec 1 , the axes of 
arc mutually p< rpcndicular so )} f < I 
w circular The appan 
adhesion, and has Ijpen 
under conditioe > < 
is comparable with that Lot* 
ihc experiments wc re earned %>, 
the static and dynamic expemqe,* 
to minimize tangential ' 

Cylinders of indium Wv 
and force/time curves lor impact 
tacting surfaces were made by cutting «. 
of metal cooain (05 mm) thick with a ciiu. 
shaped as to leave a cylindrical surface oj^jn in 
diamc ter Both specimens wei e cut within one minute 
and the impae t was made within a minute of cutting 
the second cylinder Figure / shows a typical force/ 
time curve The force becomes negative at C and nst s 
to zero before the end of the contact at B This 
negative force shows that some adhesion has developc d 
between the cylinders dunng the a msec of the impact 
Die maximum force reached in thu impact was 
n X io f dyne, the adhesion was 13x10* dyne and 
the area of the dent produced by the impact in the 
specimen was 8a X io-“cm* For the static ex¬ 
periments, specimens freshly cut as before were 
pressed together for two dunutei Some definite time 
of loading has to be chosen because indium continues 
to flow after the application of the load In a static 
test in which a load of 3 3 x 10* dyne was used, the 
contacted cylinders subsequently withstood a pull of 
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1 


Time 

Figure 1 Fmet, time curve Jot an mfmt bttween 
cylinders oj indium iff shou t the time of tontatt 
as measured by using the lylmtht \ to \uikh an 
tlcrfru crnuit 

36V io* dvnc and the dentt d an a was* 7 o ' to - cm* 
Although this area is less than the arra of the dint 
produced by the impact described, the adhesion is 
nearly three times greater 

Ihe separated surfaces were examined with a 
prohlometer arid mitrosc opically The separated sur- 
faces of the statically loaded cylinders are tom and 
show that metallic junctions have been broken 
whereas the surfaces after impact remain smooth 
Figure 3 cum a is a profilometer tract from the 
centre of the si parated surlace of one of the cylinders 
loaded statically as described and curve b is a similar 
trace from the bottom of a dent produced by the 
impact Micrographs taken under identic al conditions 




Indium 


b%gure a PrtfilomsUr traces qf dents 1 n indium 
cyknders, a diet produced statically b dent pro • 
meed by impact * 



a b 

figure i Murographx of the 1 eparated lurjotex 
f diamett r oj f eld 007 cm ) a after statu loading 
b ajUr impact 

of illumination aie shown in Figure 1 Ihc cutting 
ptoduces parallel tool marks in the original surface , 
it will bt sun from figure j b that these lints still 
remain after the impact 

The results show tint for equal areas of contact 
the adhesive lorn and the wdded area arc less under 
dynamic thin under statu conditions SvMi’SON, 
Morc an, Rou and Mi'skat have found tha 1 the 
coc (hen lit of static friction imuasti with time after 
a rapidly moving metal shdir has bun brought to 
rest on a rnttal phte and to explain this suggested 
that the stn ngth ol the metallic weld depends on the 
time of contact Ihe morc direct evidence here 
advanced confirms this suggestion Ihc cause of the 
time effect may be tint to form a metallic junction 
metal has to penetrate the piotulivc layers * g the 
surface layers of oxide, which exist at the interface 
and that this penetration takes tune to r catli com- 
pic lion It is unlikely that these results are due to 
air trapped between the colliding surfaces because 
experiments earned out in kicuo also show that the rc 
is much greaUt adhesion under static conditions 
This dependence of the adhesion upon the Ume of 
contact is probsbly closely 1 elated to, and may help 
to account foi, the variation of the coefficient of 
friction and ol mechanical wear with speed 

A W Crook 
W Hirst 

Research Laboratory 

issociated Electrical Industries lid 
Aldermaston Courts Berkshire 

{Received August 1950) 
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A New Virus Affecting Mangolds , 
Sugar-beet and Related Plants 

Whiisi making routine inoculations from seed 
mangolds affteted with sugar-beet mosaic an ap¬ 
parently new virus came unexpectedly to light 
There are one or two unusual facts about this virus 
which make it interesting So far, all attempts to 
induce it to become systemic in its host plant, in¬ 
cluding the mangold, have failed In this respeci 
the virui rev mhlos the tobac< o necrosis viruses which 
aho, as a iuIc, do not become systemic in their host 
plants and like this virus, produce largr numbers of 
nterotic lesions on the inoculated leaf 

In experiments with the virus from mangolds it 
has been found that the red bet l is the most suscep¬ 
tible host and reacts with the formation on the 
inoculitcd leaf of large numbers of local lesions, see 
Figure 1 Die virus also produces local lesions on 
sugar-beet, spmach-bect, mangold, New Zealand 
spinach and a miscellaneous group of plants such as 



cabbage, broad bean, French bean and several 
solanaceous plants In all these plants, with the 
possible exception of the French bean, no systemic 
spread of the virus in its host plant has been observed 
Yet presumably the virus must have bun systemic 
m the original mangold plant from which it was 
first isolated There is no information al present on 
how the virus spreads m nature, if it does spread 
Experiments to find out if the aphids commonly 
found on mangolds and sugar-beet would transmit 
the virus have so far proved negative Hus may be, 
in part, due to the fac t that the in* cts are unwilling 
to feed on the necrotic tissue in which the virus is 
contained 

The. very large numbe r of local lesions formed by 
the virui on the inoculated leaves suggests that it is 
present in faiily high concentration and this is further 
borne out by the dilution end-point which is io -fl 

It is not very like ly that this virus will prove to be 
of much economic importance but its properties, 
some of which have btrn briefly outlined here, 
suggest that it may be of considerable scientific 
interest 

Kenneth M Smiih 

Agricultural Research Council 

Plant Virus Research Umt 
Molteno Institute, Cambridge 

(Reccucd August 1950) 


Creep Deformation of Metals 

rwo features of the emp of metals which have 
aroused interest of late arc / effects of lecrystalliza- 
Uon and gram growth, and 9 formation of subgrains 
similar to those seen in the phenomenon described 
as polygomzation 1 

Metallurgists have long been aware of the fact 
that increases in the rate of deformation may oct ur 
when m rystalli?aUon or gram growth proceeds in a 
metal 1 Interest has been stimulated in the subject 
by the recent observations of Andrade* 



Figure / Ltqf (if red beet inoculated with a new 
vmu from mangolds note the large number pf 
necrotic local lesions 


434 


Figure 1 Magnification x c /, reduced 5/7 on 
reproduction 
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Wc have recently encountered a number of spec¬ 
tacular cases of gram growth in aluminium | per 
cent silver alloy in which the effect on the creep rate 
was not very large A typical example is shown in 
longitudinal section in Figure r in which it will be 
seen that the small grams (about o 5 mm diam) in 
the head of the specimen have become enlarged to 
a single grain ol diameter almost equal to the speci¬ 
men diameter (22 mm) This grain has drawn down 
and fractured as shown lypical test conditions 
leading to this grain growth are shown in Figure 2 
from which it will be seen that thirc is no considerable 
increase in creep rate before 130 hr and about 20 
per cent total strain We were unable to obtain data 
at high<r values of strain In another similar test 
we were able Lo continue the observations to 190 hr 



figure 2 Thermal history of aluminium 0 5 per 
cent \ilver alloy at 500 /6/m 1 and 100 C Solution 
heat treated 7* hr at *50 f, tola water quenched 
and soaked at ttot temperature for iQ hr 



Figure 3 Magnification x 3, reducqtf //a on 
reproduction 



Figure 4 Magnification y 40, reduced }'5 on 
reproduction 

and nc arly bo per unt strain, and from 130 to 190 hr 
a slowly increasing rate of creep was observed which 
could be account! d for by the fai t that the lest was 
made at constant load and not at constant stress 
hraclure oi the spMimen occurred at 214 hr so that 
wc can conclude that either the grain growth did 
not affect the creep rate substantially or the grain 
growth occurred in the last few hours oi the test 

The surfaces of the laige crystals formed in this 
way showed the familiar strain markings seen in 
figure j Ciystal damage is apparent within the 
crystal on sectioning, running out to the surface on 
lines corresponding with the surface markings The 
type of damage is illustrated in figure 4 at a low 
power and at highc r power in Figure 5 This latter 
figure shows a n sc mblance to the polygomzed struc¬ 
tures due to straining and annealing which have been 
described by Laiombe and Reaojard 4 or the strut - 
turcs due to creep as described by Wilms and Wood 1 
X-Ray obst rvations on this structure show that there 
u a considerable difference in the orientation of 
subgrains m an area of say 1 mm 1 and in addition 
the units show considerable internal strain Bearing 
in mind the very rapid deformation which must have 
occurred immediately preceding fracture it seems 
likely that this will account for the distortion ap¬ 
parent in the subgrains, and that they are essentially 
units of the type observed by Wilms and Wood 

AAer fracture of the specimen a much more 
generalized breakdown into subgrains n observed as 
shown in Figure 6 
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Figures Magnification j>jO, reproduced ram# 
tiv 


These observations suggest to us that the. break¬ 
down to subgrains is not the ptimary cause of deep 
but a secondary effect resulting from creep When a 
new volume of the large gram is formed it is probably 
free from strain markings on the surface and from 
subgrains internally This volume then deforms on 
particular planes by the usual glide mechanisms 
giving surface marking* the number and spacing of 
which will depend on the temperature and stress as 
shown in the classical work of Hanson and Wheeler 1 



Fig** € Magnification X fo, re p roduced tame 
W 


Subsequently the breakdown to subgrains proceeds 
in the heavily deformed regions only* Creep nojloubt 
then proceeds on new planes leading to further sub- 
gnuns until the crystal is completely broken down to 
subgrains The deformation must be substantial 
before this occurs howtver and although further 
deformation will probably occur by rotation of the 
subgrains it seems likely that this will be only a small 
proportion of the total deformation The process is 
therefore rather similar to that of local heavy defor¬ 
mation followed by annealing such as Cahn postu¬ 
lates as necessary for polygonization and could he 
explained in terms of dislocations This indeed was 
suggested by Crumard 7 in his discussion of the paper 
of Wilms and Wood and is consistent with recent 
observations made by Grefnough and Smiih 1 in a 
separate study in this laboratory 

Acknowledgement it made to the Chief Scientist of the 
Ministry of Supply for permission to publish this note 
Crown copyright is reserved Reproduced with the per¬ 
mission of the C ontroller of H M Stationery Office 

L Rotherham 
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the Contents page 


436 




Commentary: 

Specialized Scientific Training and Citizenship 


It is often implied, if Hot actually asserted, that a specialized scientific 
training necessarily means a narrow education and a limited cultural and 
philosophical outlook I believe that the exact opposite may and should apply. 

A general education does not consist of the knowledge of facts or of the acquisition 
of proficiency in many different fields It should be the means by which a person 
acquires wide human as well as deep intellectual interests, and whereby the 
personality is fully developed m the best sense Thu can be achieved by a right 
approach to specialization in a particular field, provided that the subject selected 
is studied m its correct setting with respect to knowledge in general, and to 
those human problems to which it may be applied. 

Perhaps I may be forgiven if I illustrate my thesis by reference to the subject 
about which I know the most—Crystallography , a subject so specialized that 
most people do not even know what the name means, and suppose it either has 
something to do with fortune telling or u a branch of Theology Crystallography 
is the science that deals with the arrangements of atoms in solids. Originally 
it applied only to the external study of well formed crystals and was a branch 
of mineralogy and of geometry , but modem methods of investigation have shown 
that there u no real dividing line between obvious ' crystals ’ and other solids 
such as massive metals or chemical powders The fundamental thing about them 
all u that their component atoms form a periodically repeating pattern, a pattern 
in three dimensions. The properties of solids depend not only on the kinds of 
atoms of which they are composed, but also on the arrangement of those atoms. 
Now solids are very common things, we handle them every day, they enter 
into every science and every industry ; we read them, write with them, buy and 
, sell them, eat them and eat with them We are, of course, partly solid ourselves 
To know our subj'ect thoroughly, therefore, specialized though it may be, we 
must know something of all the sciences, of humanity and industry in general, 
of ourselves and our physiology in particular. But we have also developed 
methods of studying crystal structure and the properties and behaviour of solids 
which use detailed experimental techniques common to other sciences, and the 
interpretation of the experimental data requires a considerable knowledge of and 
feality with advanced mathematics 

Let us be more specific about the relationship of crystallography to the better 
known sciences We study the arrangement of the atoms by diffraction methods, 
but we M that these give us information not only about the positions of the 
a fnmi, but about their movements, not only about crystal structure but also 

about crystal dynamics. We become interested in the conditions of stability of 
a lattice, and about the transformations that may. occur in it, including of course, 
or volatilization or surface changes. We find {fiat our ttudy of dynamics 
throws light* on questions of diffusion and of a n ne al i n g. Since the movement* . 
of the Atoms -are dependen^on the forces within thd crystal we must study the 
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elasticity , and we find alio that many other 
important physical properties, such as ferro¬ 
magnetism and piezoelectricity, are intimately 
related both to electron arrangement and to 
atomic periodicities All this is physics In the 
early days of x-ray crystallography the investi¬ 
gation of the mechanism of scattering and of 
x-ray emission, studied using a crystal as an 
analyser, threw considerable light on the struc¬ 
ture of the atom Neutron diffraction by crystals 
is now providing data which should help to 
elucidate the structure of nuclei , we are involved 
in the study of ultimate particles , to be up to 
date in our subject we must keep in the fore¬ 
front of modem nuclear theory Coming back 
to our atomic arrangements, it is clear that this 
lands us also right in the middle of Chemistry 
The chemist is, of course, intensely interested 
in the spatial arrangement of atoms in molecules 
and m the intei atomic and intermolecular 
forces , in bond lengths and valency angles 
Crystal diffraction pat term can be used for iden¬ 
tification and analysis, and they also allow us 
to study reactions m the solid state It is 
necessary to have a wide knowledge of chemistry 
in order to prepate crystalline compounds for 
investigation and, indeed, to know what prob¬ 
lems merit detailed study and this applies m 
the inoiganic and organic fields alike Chemical 
compounds, if solid at all, are necessarily 
crystalline, but so are many biological sub¬ 
stances virus particles, globular and fibrous 
proteins, cotton, silk, rayon, hair, horn, teeth, 
wool, muscle, nerve These are, if not completely, 
at least partly crystalline , their atoms are not 
randomly distributed, they are periodically 
arranged in at least one direction and at least 
over small volumes Moreover, the fact that 
such substances as penicillin and DDT are very 
well crystallized ipatenals brings crystallography 
into the field of* the medical sciences from 
another angle The crystallographer, in fact, 
must know a good deal of mathematics, of 
physics (classical and modern), of chemistry, 
biology, of metallurgy and mineralogy, if he is 
to be really well grounded and up to date in 
his own subject The fact that he may be called 
upon to identify a portion of paint from an 4 old 
master 1 the authenticity of which has been 
called into question, or to analyse the deposit 
on an old Roman buckle will, if he is at all 


curious, direct his thoughts into channels less 
directly associated with everyday affairs But 
everyday affairs will certainly intrude themselves 

He becomes interested in the structure, say, 
of the diamond, and in the relation of the struc¬ 
ture to the properties of the diamond He learns 
that diamond drills were used in making the 
Simplon tunnel and that miles of tungsten wire 
for electric light bulbs are drawn through 
diamond dies In finding out how diamond dies 
are made he will be struck with the monotony 
of the work involved and he is at once caught 
up m a modem social problem He may well 
ask alio how diamonds are mined, and if he 
does, he will be sure to come up against racial 
problems generally But once he begins to in¬ 
terest himself in the distribution of minerals in 
the earth’s crust, Heaven help him 1 He is in¬ 
volved in economics , he must realize how much 
national power and prosperity, how many 
national rivalries, depend on unequal possession 
of vital or rare minerals gold, silver, coal, lead, 
tin, iron, uranium, graphite or beryllium And 
he must be dull indeed if he merely notes these 
facts and passes them by without furthei 
thought or study 

A study of the structure and formation of ice 
crystals leads to an interest in glaciology, in the 
flow of glaciers and the causes of fzost-heaving, 
m meteorology, the formation of hail and the 
precipitation of clouds , together maybe with 
the legal problems involved when the farmers 
of one Amet ican State find that the snow which 
provides their water has been diverted to provide 
ski-ing for the rich visitors to another neighbour¬ 
ing State 1 

He will meet also the problems that confront 
countries which are dependent on hydroelectric 
power, when their winter supplies of nun or 
snow fail, their glaciers recede, and their rivers 
dry up as a consequence 

There ^re crystals which are of interest to the 
historian because of their importance m industry 
and m the past economical life of the nations 
the trade m alum, for example, was once a 
monopoly of the Vatican, and it was used to 
provide revenue for the Crusade Fund* Pre¬ 
historic man can sometimes be dated, at least 
relative to his surroundings, by the amount of 

"Snout, C Tk» Brnhat Qmmml /■dbrfij Londqn, 194S 
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fluorine that has replaced the hydroxy-groups 
m his finalized bone material The replacement 
is only pomble because of the special pattern of 
the atoms in the bone structure Archaeology, 
the history of science, art, architecture, engineer¬ 
ing, sociology, geography , none of these can be 
neglected by the crystallographer who wants to 
know his job thoroughly and who is intelligent 
enough and human enough to take an interest 
in the various side lines to his profession 

NEED FOR OLEAR THINKING 

But there is much more to it than that The 
specialist must be able to wntc down the results 
of his experiments clearly and intelligibly , he 
will probably also be called upon to explain 
them to audiences of non-scientists or of scien¬ 
tists in other fields He must develop a good 
style, and it is unlikely that he will be able to 
do this unless he studies masterpieces of good 
writing, and listens to good speakers himself It 
is to be regretted that this is so seldom realized 
by undergraduates, and that otherwise good 
students arc often unable to write down logically 
and concisely what they have done and what 
they deduce from then observations hven ex¬ 
perienced research workers sometimes seem to 
imagine that they must wrap up their investi¬ 
gations m long sentences and words that none 
but their colleagues can understand Let me 
quote in contrast a passage from a paper by 
W H Braoo 

1 There aie three stages in the arrangement 
of matter the single atom as we find it in 
helium gas , the molecule as it is studied by 
the chemist, and the crystal unit which wc 
now examine by x-ray analysis To take an 
example, there are the atoms of silicon or of 
oxygen The moUculi of silicon dioxide con¬ 
tains one unit of silicon and two units of 
oxygen . Lastly, j there ts the substance 
quartz, of which the crystal mU consists of 
three molecules of silicon dioxide arranged in 
a special fashion which we now know has a 
certain screw-like character The quartz 
crystal contains an innumerable multipli¬ 
cation of these units Each of the units has 
all the proper ti es of quartz and, in fact, is 
quartz, but a separate molecule of silicon 
dioxide is not quartz (Conctmmg th$ Natun of 
Tktngs) 1 


Here you have the true specialist, the man 
who can dive deeply because he is the master 
of his medium, and who does >0 so gracefully 
that it seems easy 

INTERNATIONAL INTERCOURSE 

The scientist must of course be well read and 
be able to read critically and accurately in 
several languages other than his own He will 
be at a great disadvantage if he has to rely en¬ 
tirely on English abstracts of the world's scien¬ 
tific literature It is probable also that he will 
attend international conferences at home and 
also, perhaps, abroad , and he will find it both 
interesting and advisable to know something of 
the customs, economics, literature and history 
of the countries from which his foreign colleagues 
come If he travels abroad he will certainly 
soon know a good deal of the geography and 
of the agricultural and industrial development 
of other countries All good scientists, indeed, 
art internationalists and cosmopolitans 

I think it is true that m order to be able to 
take advantage of the various opportunities for 
adult education provided by a specialist career, 
the scientist should not have specialized too soon 
The tendency today is for universities to set so 
high an entrance standard that boys and girls 
must study their special subjects intensively for 
at least two or three years before entry, especially 
if they wish to attain scholarship, standard 
Personally, I believe this to be quite wrong I 
would rather have a student who can think 
logically, who knows how to use a library effi¬ 
ciently, who has studied good writing and who 
can express himself clearly, concisely and 
stylishly on paper, who has a working knowledge 
of mathematical technique and of two or three 
foreign languages, and who has facility with 
tools, than one who has 1 dropped * everything 
at the school certificate level in order to con¬ 
centrate on two or three subjects at university 
scholarship level, and who will probably m that 
way get quite a wrong idea of the objects of a 
university career, and of the state of his own 
knowledge Most of us, I should think, know 
men who, after taking one degree m, say, 
Classics or Mathematics, have decided to make 
a particular branch of Science their main pro¬ 
fessional study and who, in spite of little or no 
early scientific training, have done exceptionally 
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well in Science I do not believe that they are 
m any way gifted beyond their fellow profes¬ 
sionals who have been trained in science from 
their youth up It is simply easier to learn any 
specialized subject when logical thinking and 
correct ways of learning have become almost 
automatic 

But, of course, the very process of learning 
to do one thing very carefully and thoroughly 
is itself a discipline I am considering par¬ 
ticularly here the kind of specialization that 
includes a training in research I would like 
to quote Sir William Bra go once more 

‘ Research work brings out a man’s self- 
reliance and proves his capacity to march by 
himself It is a discipline to put the text¬ 
book to one side and to get out further know¬ 
ledge by one’s own effort It teaches the 
student how to value evidence how to read 
with discretion, since he must weigh what 
others have done before he uses the previous 
knowledge as a foundation for his own ad¬ 
vances He learns to meet disappointment, 
to realize how little he can do in a day, and 
that weeks or months may go by without 
obvious progress It is all very humiliating, 
and the blunders one makes are very foolish , 
and the one redeeming feature is that in its 
apparent perversity it is like every other piece 
of real work Research is rather like playing 
against bogey at golf Nature never has any 
weakness of which advantage may be taken , 
there is no hole to be won by bad play 
because our opponent plays worse Yet re¬ 
search is very human and there is always 
the hope before every student that he may 
contribute something to the total of human 
knowledge Perhaps the hope is not so often 
reached as it might be, but that does not 
mean that thfrworl^Jyas been done in vain 
a thousand times, no" 'It is a remarkable fact 
that if a man tries to set down on paper, in 
line or in colour, that which he sees m Nature, 
his own vision of what is beautiful u quick¬ 
ened The penal teaches him the beauty of 
line, and the brush opens his ey£s to all sorts 
of delicate colour schemes which he never saw 
before It does not matter if his efforts are a 
bitter disappointment to himself, and he need 
not show them to any one else Similarly, 
the man who strives to understand the work¬ 


ings of Nature, by experiment which may 
make him feel very feeble and stupid, is paid 
by his discovery of a richer world There is a 
fellowship between all who have tried to 
understand, which enables the worker in one 
field to have a welcome power of appreciation 
of the work of others He gams not only in 
the richness of appreciation of what 11 beauti¬ 
ful and interesting, but also m the power of 
making friends ’ 

DEVELOPMENT OF CITIZENSHIP 

Now I contend that the man or woman who 
has had such a training ought to be not merely 
a better saentist, but a better atizcn for it 
But that will only be so if he deliberately puts 
into practice, in everyday life, the ethics of the 
laboratory 

Science itself may be, as so often is said, 
morally neutral , but that is not true of scien¬ 
tific inquiry, and it cannot be true of the 
scientist Complete honesty and integrity are 
essential to the research worker He cannot and 
must not adjust his results, or neglect to con¬ 
sider hypotheses other than those apparently 
proved correct by his experiments He must 
always be ready to admit error , indeed, he 
calculates its probability Mistakes in published 
work must be publicly corrected, never con¬ 
cealed for the sake of personal or national 
prestige Yet the same man who is so careful 
of his facts in the laboratory and who will go 
to endless pains to check his references is not 
always by any means so careful when it comes 
to repeating political rumours, quoting news¬ 
paper reports based on half truths, or distorting 
economic data in support of a non-scientific 
argument* Nor is he always willing to admit 
that the politicians of his own country, or of his 
own party, may have made mistakes although, 
in fact, politicians so seldom have all the data, 
and have to act so quickly, that their choice of 
action is never likely to be unbiased or 
impeccable ' 

Michael Faraday, towards the end of his 
life, wrote thus of his failure to demonstrate any 
measurable relationship between gravity and 
other fundamental forces 

1 It might indeed have been anticipated 
from the very views I entertain, that we could 
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hardly hope to lay hold by experiment of 
such an amount of gravitating force as would 
yield appreciable evidence of electric or heat 
force but if we were to stop the first in¬ 
stitution of experiment m any new direction 
for such a reason, what progress, or more, 
what discovery, could we hope to make by 
its means in any of the, as yet, undiscovered 
paths of science ’ 

The scientist must be an incorrigible op¬ 
timist r He must not allow even reason to deter 
him from preserving an open mind, from being 
ready to try new experiments in the hope of 
finding new truths Hr must strive to remain 
free from prejudice, unbound by conventional 
ways of thinking , ready, as Faraday wrote on 
anothtr occasion, to 1 Let the imagination go 
guiding it by judgement and principle but 
holding it in and directing it by experiment 9 
When the scientist reaches an impasse, as with 
the corpuscular versus the wave theory of light, 
then he must be ready to think on a new plane, 
to admit hitherto inadmissible hypotheses and 
to base experiments on them, in order to test 
their validity 

I believe that it would be invaluable to the 
world if the scientist could carry over his training 
in this respect from the laboratory into the 
field of political thought and action and could 
infect his fellow men with the same attitude 
So often an admittedly ' ideal ’ line of action is 
dismissed as impracticable and never tned, 
although all other lines of action are obviously 
disastrous. The result is a fatalism that paralyses 
initiative The kind of men the world needs 
most today are men who can plan and execute 
bold experiments experiments in the kind of 
international cooperation, of friendship, of 
openness and of complete disregard for con¬ 
siderations of national prestige, that are typical 
of Science at its best If such experiments do 
not succeed, at least they are hardly likely to 
land us in a worse state than we find ourselves 
at present. In the words ofDr Brock Chisholm, 
formerly Director-General of the World Health 
Organization 

‘ We are now in a new kind of world 
Man may or may not survive; it depends 
entirely on his ability to change.)us behaviour 
pattern to meet changed conditions of living. 


To make these adjustments we must have 
new knowledge and it must be acquired by 
ourselves We would do well to begin with 
the assumption that all our ancestors have 
been wrong If their behaviour patterns are 
earned on by us for only a few more years, 
they will destroy the human race ’ 

In the task of finding out how to live in the 
new world, scientists should be able to give a 
lead to their fellow citizens The instinct for 
self-preservation is strong, however, and I do 
not believe that the world will destroy itself 
What does seem likely is that the uneasy world 
of the future may be very different from the 
world that most of us would like to live in In 
spite of, or perhaps because of, a war fought to 
end Nazism and to preserve democracy, 
democracy as we know it is in danger of dis¬ 
appearing , and by democracy I mean the 
form of government that not only tolerates the 
existence of a critical minority, but that 
welcomes *the Opposition ’ and incorporates it 
into its political system Tolerance is only 
practised fully m times of real peace and of 
comparative prosperity When a state of war 
exists or threatens, when poverty, misery, dis¬ 
satisfaction or economic difficulties prevail, 
then governments tend to become authoritarian 

It is just at these times that the scientist 
needs to remember that he serves not only 
humanity hut also his own country best by 
emphasizing the importance of freedom 
Scientists must uphold the fundamental right 
of all men 4 to hold opinions without inter¬ 
ference and to seek, receive and impart 
information and ideas through any media and 
regardless of frontiers’ Just as personal 
friendships and cooperation between specialist 
scientists of different nationalities have con¬ 
tributed largely to scientific progress, so also 
has the courage of those scientists who have 
stood by the results of measurement and 
deduction honestly and carefully made But 
it is clear that young people need careful 
education if they are to reach opinions in a 
free, honest and disinterested way , they should 
never be trained to unthinking obedience, but 
should rather learn how freedom and responsi¬ 
bility may be integrated in the service of truth 
and of mankind 

K. Lonsdale 
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The Ultracentrifuge 

H. GUTFREUND, Fh.D. 

Department of Colloid Science, Umvemty of Cambridge 


At the beginning of this century J Puuun measured 
both the sedimentation velocity and the sedimentation 
equilibrium of large suspended particles in the 
gravitational field and thus introduced a new 
approach to the study of the kinetic properties of 
molecules From the theory of equipartition of energy 
it was known that the study of colloids would yield 
information on the general molecular-kinetic theory 
and this appears to have been the main interest in 
such systems at that time. For some years gold sob 
or similar clasncal colloids were used for such in¬ 
vestigations , since then, however, many more 
colloidal systems of biological and technical interest 
have been discovered and this has given a big im¬ 
petus to the development of physical techniques 
Though it is posnble to measure the sedimentation 
equilibrium of large particles with a high density in 
the earth's gravitational field this become* difficult 
or impossible for most organic colloids or macro¬ 
molecules The use of centrifugal fields was therefore 
adopted to increase the force acting on the particles 
in suspensions or solutions 

Gentnfiiges have been used for a long time m 
processeft involving the separation of materials of 
different densities and the problem of separating 
small particles with densities differing only slightly 
from the suspension medium is merely one of in¬ 
creasing the centrifugal force <u a x, where a> is the 
angular velocity and x the distance from the axis of 
rotation If, however, the centnfiige is to be used 
for the measurement of either the sedimentation 
velocity or sedimentation equilibrium it is necenary 
to prevent convection due to temperature fluctuations 
withih the cells and to have some means of observing 
the changes of the solute concentration in the cexb- 
tnfuge cell Furthermore, the speed of rotation as 
well as the temperature a| the cell must be known 
accurately for interpretation of the results 

The full derivation of the equations describing the 
behaviour of particles in a centnfogal field u given 
in the comprehensive book of T Svxdbero and K O 
Pedersen 1 and in many papers by Svedberg and his 
collaborators quoted therein Only some of the final 
results need be given here so as to show the quan¬ 
tities upon which the sedimentation velocity depends 
and the information which can be obtained from its 
measurement 

The sedimentation constant i is defined by 


and by 

. («) 

where dx/dt ** sedimentation velocity, / ■» frictional 
resistance, M ** molecular weight, V — partial speci¬ 
fic volume of the sedimenting particle and £ * den¬ 
sity of the solvent 


For solid spherical particles the frictional constant 
can be calculated from Stokes law On a molar bans 


/—•bdjJV . (3) 

where r « radius of particles, 17 ■» viscosity of solvent 
and N Avogadro number 

The molecular weight can therefore be calculated 
from the sedimentation constant only if the molecules 
are spherical and unsolvated, or the frictional con¬ 
stant is determined independently from diffusion 
measurements The diffusion constant 11 

D-RTlf (4) 




(5) 


Therefore from equations a and 4 
RTs 

D{l-V Q ) 

Besides giving information about the molecular 
weight, the combined data from diffusion and sedi¬ 
mentation experiments also enable one to draw some 
conclusions about the shape and solvation of particles 
It 11, however, difficult to differentiate between these 
two effects on the frictional constant J L Oncucy* 
discusses this problem m some detail 


In 1923 T Svxdbero and J B Nichols carried 
out their first experiments with an electrically driven 
* optical ’ ultracentnfuge at the University of Wis¬ 
consin and when Svedberg returned to Uppsala in 
1924 be continued to develop these for the study of 
sedimentation equilibria Gold sols were used as the 
first test object and in the following year T Svxdbbro 
and R Fahraxui earned out ultracentnfogal ex¬ 
periments with protein solutions The great import¬ 
ance of proteins, which hold key positions in almost 
all biological p r ocesses, encouraged the Swedish 
workers to start a lug programme of raeardi which 
yielded invaluable results on the composition, mole¬ 
cular weight and weight distribution, as well sj on 
the shape and structure of many protein systems 
Most protein npfecules sediment relatively slowly by 
colloidal standards, and m the centnfiigal fields pro¬ 
duced in 1924 only sedimentation equilibria could 
be measured In 1927, however, T. Svxdbero and 
T Lyuolm built an ultracentnfuge with an oil 


443 




h. GutPftsuND • The Ultracentnfuge 


Ibstmk 3-10 


turbine drive which could develop a centnftigal field 
equivalent to 100,000/ Thus it became posible to 
study the sedimentation velocity of proteins of mole¬ 
cular wesght as low as 50,000 A very important 
result of the ultracentnfiuLgal studies on protein 
solutions was the discovery that these substanres are 
fiurly homoge n eo u s molecular entities and not random 
aggregates like colloidal gold or similar systems 
Though quite a number of investigations on other 
bsocolloidi (glycogen, nucleic aads tU) and synthetic 
high polymers have been earned out in the ultra- 
centrifuge, certainly most of the work was done on 
protein systems The large number of valuable data 
of biochemical interest which could be obtained 
probably delayed somewhat the further development 
of the physical aspects of the method 

Further historical and technical information about 
the development of the ultracentnfuge and the in¬ 
vestigations earned out pnor to 1940 can be found 
elsewhere 1 * • 

DEVELOPMENT OF ULTRA CENTRIFUGES 

For the three purposes of measuring sedimentation 
constants, sedimentation equilibria and preparative 
centnfhgation different machines were built, though 
it is now possible to construct a centrifuge which will 
serve all of them At present oil turbines, air turbines 
and electrical motors are being used as alternative 
dnving mechanisms The oil turbine machines are 
not manufactured outside Sweden and the two 
models which are in England (at the Biochemical 
Laboratory, Oxford and Lister Institute, London) 
were die first, and for some tune the only, ultra- 
centnfbges in this country Though such accessories 
as the optical system, speed measurement and tem¬ 
perature control have been modified at Oxford in 
order to increase the accuracy and simplify the pro¬ 
cedure of sedimentation velocity measurements, the 
design of the dnve, rotor and centrifuge proper have 
not been changed from that previously described 1 
In the Svedberg oil turbine model the rotor spins in 
an evacuated steel chamber, with its axis of rotation 
honsontal Provision for optical observation is similar 
in all the centrifuges, the cell has transparent end- 
plates and windows are mounted in the steel chamber 
m appropriate positions In electrically and air 
driven ultracentnfuges the axis of rotation is, how¬ 
ever, vertical and the optical arrangement has to be 
varied accordingly The Svedbag oil turbine ultra- 
centnffjges are used for the determination of sedi¬ 
mentation velocity and analysis of homogeneity only, 
but m these lines they have certainly provided the 
bulk gf the reliable information so for obtained 

The construction* of air turbine tdtraccntrxfoges 
for use as analytical and measuring instruments as 
well as for the preparative separation of macro¬ 


molecules began soon after Svedberg 1 ! successes with 
the oil turbine The machines driven by compressed 
air are considerably simpler and cheaper to build 
and were therefore more widely adopted The coro- 
pressed air a used to support the air turbine as well 
as to dnve it, and the rotor spins horizontally on a 
thin spindle leading from the turbine through an oil 
leak into the vacuum chamber to the rotor On 
account of simplicity of dnve and bearings tins 
arrangement is very widely used for preparative 
centrifuges m virus work The range of size of virus 
molecules is such as to make this technique very 
useful for their separation from other solutes 

As already mentioned an electnc dnve was used 
for the very first ultracentnfUge built by Svedberg 
and Nichols, a low speed machine yielding a centri¬ 
fugal force of about 10,000/, but this was sufficient 
for the determination of sedimentation equilibria and 
moreover the dnve through a frequency controlled 
motor was particularly suitable for this purpose as 
running at constant speed for periods of several days 
was required The technique of sedimentation 
equilibrium measurement was, however, not widely 
adopted outside Uppsala, and neither the method 
nor its results 1 will be discussed here The further 
development of electrically driven ultracentnfuges 
was rather neglected until E G Piculs recently 
constructed an instrument which can be used for all 
three purposes measurement of sedimentation 
velocity, sedimentation equilibrium and preparative 
centrifugation This machine is again very much 
more costly and mo^e elaborate than the air driven 
types, but it has many automatic devices which make 
for easy routine experiments The dnve motor is 
air and water cooled 

The smaller the rotor the greater the centrifugal 
forces which can be developed without danger of 
fracture due to failure of the material Small steel 
balls a few millimetres in diameter have been spun, 
suspended in a magnetic field, at a speed of io'r pm 
For the purpose of measuring sedimentation velocities 
it it, however, desirable to have the cell at as great 
a distance from the axis of rotation as poaible so 
that the force gradient is not too Urge through the 
length of the path of sedimentation and negligible 
over the width of the boundary The column of 
solution in the cell should be of the order of 1 5 cm 
high, so that even foirly rapidly diffusing substances 
can be observed during a course of sedimentation 
when the boundary is free from the m en iscus and 
the 1 leading tail' is not affected by back difftmon 
from the bottom of the cell If tin distance from the 
axis of rotation to the centre of the cell is 6 3 cm 
the distortion of the boundary due to a gradient of 
the centrifugal force over say ± a mm from the 
centre of the boundary will not be too serious Them 
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dimensions for rotor and cell have now been almost 
universally accepted as the most suitable and are 
used for the construction of the three commercially 
available machines For rotors of total diameter 
about 18 cm, the maximum speed for prolonged 
running is about 60,000rpm The centrifugal 
force at 65 cm from the axis of rotation is then 
about 230,000 g The rotors are usually forged from 
steel or duraluminium 

There 11 now no significant difference between the 
various designs for cells m centrifuges which are 
producing accurate results and they can be used 
both for measurement of constants and analysis of 
homogeneity The cavity in the centre, into which 
about 1 ml of the solution is sealed, is sector shaped 
A dummy balance cell 11 housed m a second hole 
provided in the rotor, and the complete assembly 
has to be tested for static and dynamic balance 

Preparative rotors can be fitted on the air driven 
and electrically driven centrifuges Of the order of 
100 ml of solution can be subjected to centrifugal 
forces of about 100,000 g Some more recent con¬ 
structions allow even larger quantities of solutions to 
be subjected to still greater centrifugal forces Special 
preparative ultracentnfugrs are of course available , 
no arrangement for optical observation and the pro¬ 
vision for only approximate speed and temperature 
measurement are required for such machines 

OPTICAL OBSERVATION OF BOUNDARIES AND 

CALCULATION OF SFDIMENTATION CONSTANT 

Methods for the optical observation of boundaries 
due to concentration gradients in liquid systems were 
developed simultaneously for the measurement of 
sedimentation velocity, electrophoretic mobility and 
rate of diffusion Two principles have been employed 
for this purpose, one involving the change of light 
absorption, the other the change of refractive index 
with solute concentration The light absorption 
method is useful for the study of some coloured 
solutions which do not allow suffidfotly intense and 
uniform transmission of light of any wavelength, 
within the visible spectrum, for the use of one of the 
refractive index methods Under suitable conditions 
the latter arc, however, considerably more accurate 
and are therefore used whenever possible With the 
light absorption method a plot of the concentration 
against distance from an index mark is obtained 
from photometric measurements across the photo¬ 
graph of the liquid column An example of this 
procedure is shown m Figure 1 

Methods for optical observation of refractive index 
gradients were already known towards the end of 
the last century but were only adapted for the ob¬ 
servation of moving boundaries during the past 
twenty yean Among these methods are several 


which make use of int erf erence ph en o men a and 
though some of them are now employed for the 
accurate determination of diffusion constants they 
are not at present used for the observation of sedi¬ 
menting boundaries The scale method was first 
recommended for ultracentrifugal investigations by 
O Lamm in 1928 and it soon replaced die light 
absorption method in the Uppsala laboratory If a 
scale is placed between a light source and an ultra- 
centnfuge cell, or other column of solution, and the 
camera focused on this scale the scale lines are dis¬ 
placed by a concentration gradient in the cell The 
scale line displacement is proportional to the con¬ 
centration gradient (refractive index gradient) 
corresponding to the position of each individual line 
Figure a shows an example of a sedimentation diagram 
obtained from a plot of scale line displacement in 
scale A from the reference scale B against distance 
from an index mark Z Scale B is obtained from a 
photograph of the cell filled with solvent only and 
therefore represents an optically homogeneous 
column The distortion in A between the lmes 40 
to 70 can be seen readily In practice the scale line 
displacement is measured under a microscope This 
procedure, though very accurate, 11 rather tedious 
and this disadvantage has led J St L Philpot to 


a 



b 

Figure 1 Se&mnMmn pattens a ek tcimd by 
meats ef §® abmptam method, mad ones ef cen- 
centmtam distribution b fir the hoomo^yasunjTom 
Mix pomotta at pH 53 (M — 6fioofioo, 
s — prfp X JO -1 *), centrifugal fires 45&00 
turns grmtf, tune between exposure 5 muutes 
( r eproduced from Soodberg mi Pedersen 1 ) 
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develop an optical arrangement which gives directly 
a curve repres en ting a plot of dn/dx agaimt * (where 
dn/dx u the refractive index gradient) on a ground 
glass screen or a photographic plate Thu system, 
which u a combination of the Thovert principle with 
the ichlieren method is described m great detail 
elsewhere 1 * 1 There u some difference of opinion 
about the relative merits of using a tilted slit, bar 
or edge with these methods but there n probably 
not very much to choose between them The present 
author prefers the tilted edge, giving a picture as 
in Figure 3, for accurate measurements of sedimen¬ 
tation constants, though it may be easier to detict 
the separation of a small secondary boundary from 
the main one when a tilted slit is used In the latter 
a bright curve u seen over a dark background on 
the photographic positivr By whichever method 
graphs of dn/dx against x are obtained, the measure¬ 
ment and interpretation of the sedimentation diagrams 
remain the same The sedimentation constant s is 
calculated from measurements on successive photo¬ 
graphs of the distance of the midpoint of the boundary 
from,an index mark and is usually expressed as 
i ie x 10“ cm/sec/dyne The integration of the curve 
gives an estimate of the amount of sedimenting 
material responsible for each individual boundary, 
and thus yields interesting analytical information 
about the solution under examination But for 
diffusion occurring simultaneously with the sedimen¬ 
tation process, the boundary would of course be 
perfectly sharp Ideally the sedimentation diagram 
for the boundary of a homogeneous substance should 
therefore be a Gaussian curve with a second moment 
a* =a D/ 2 t where D is the diffusion constant of the 
substance and / the time for which diffusion occurred 
Unfortunately it is very difficult to make adequate 
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Figures Sedmuntatum. diagramfrom an ultracen- 
trjfuge nm on f per cent solution qf lactogfobtdm 
Exposures, at intervals qf so minuter, were taken 
with the Philbot optical system on the Oxford 
centrifuge ana w re kindly provided by A G 
Ogston 

Figure 4 LUracentrifuge diagonal j chlteren 
photographs qf sera from the Horse * Patrol 9 
during tmmuntgahon with dtphihena toxoid 
M, meniscus, A albumin, G, globulin , B, cell 
bottom , 7, index {reproduced from Kekmek and 


corrections for all the perturbations, and the use of 
sedimentation diagrams for the calculation of diffusion 
constants can therefore only yield very approximate 
data Thu u a particular drawback for the investi¬ 
gation of the homogeneity of a substance as the 
superimponuon of a diffusion curve upon the sedi¬ 
mentation diagram does not give an accurate picture 
of the amount of heterogeneity with respect to particle 
weight, though it does give some indication 

A different procedure for the calculation of the 
sedimentation constant has to be adopted if the 
molecular weight of the substance u so small that a 
clear boundary cannot be formed within the length 
of the sedimenting path under die centrifugal force 
which can be developed Analytical procedures for 
the determination of the amount of material sedi¬ 
menting across a plane in the cell have been 
suggested 1 , and more recently H Gvrmvm and 
A G Ogston* have described the calculation of the 
sedimentation constant of some polypeptides from 
optical observations 
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SPEED AND TEMPEKATUEX MEASUREMENTS 

ACCURACY OP SXDIMENTATION CONSTANTS 

The table of sedimentation constants and molecular 
weights of proteins which is given at the end of 
Svedberg and Pedersen's book gives much valuable 
information Many more proteins as well u other 
biocolloids have since been isolated and characterized 
by this method and it is almost a routine procedure 
now to follow the fractionation of enzymes and 
similar biologically active macromolecules by ultra- 
centrifugal analysis Fran this pomt of view great 
accuracy is not required , but if exact information 
about size, shape and hydration of homogeneous 
^(crystalline) proteins is sought for adductions to the 
molecular structure, very precise data are then 
required 

The tint attempt to determine the sedimentation 
constant of a protein with an accuracy of 1 per cent 
was earned out by H Gutfbeund and A G 
Ooston\ in their study of insulin solutions The 
discrepancies found between their results and some 
earlier work, earned out in Sweden and the U S A , 
led R Cecil and A G Ooiton* to study the 
accuracy of ultrmcentnfbgal measurements in some 
detail They have found that values for the sedi¬ 
mentation constant 4 reproducible to 05 per cent, 
and probably accurate to the same limits, can be 
obtained if the conditions of running are standardized, 
if care u taken over measurement of the various 
quantities concerned, and if correction is made for 
error of measurement of the temperature of the cell 
contents 1 


APPLICATIONS 

It 11 difficult to review adequately the results obtained 
with the ultracentnfuge without a detailed discussion 
of the theory of solutions, and only a general tndica- 
tioa of some of the applications will therefore be given 
Some of these have, of course, already become self 
evident during the foregoing descriptions. 

The sedimentation diagrams obtained during an 
ultracentnfuge run can show either a single homo¬ 
geneous boundary, Figure two or more separate 
homogeneous boundaries, Figure ^ or 1 hetero¬ 
geneous boundary which is much wider than could 
be accounted for by diffusion alone The latter can 
either be the result of several distinct but unresolved 
components of slightly differing sedimentation rates 
or of a polydisperse system of random aggregates 

Much interesting information about the com¬ 
position of biological systems and changes occurring 
during certain biological processes has been obtained 
An example is given in Fypre 4, showing the results 
obtained by R A Kbkwick and B, R Record* in 
their study of the change in the composition of hone 
serum during immunization with diphtheria toxoid 

The amount of the lighter albumin fraction 
decreases and that of the heavier globulin fraction 
increases with rue of antitoxin concentration m die 
horse serum It is interesting to note here that the 
globulin fraction which appears as a single boundary 
m the sedimentation diagrams can be resolved into 
several fractions electrophoreucally 


In the Oxford laboratory the reed frequency meter, 
normally used for the speed measurement with die 
oil turbine ultracentnfuge, was supplemented with 
a frequency bridge to achieve the necessary accuracy 
of 0 1 per cent With this equipment one can 
measure the frequency erf the alternating current 
whether generated by the magnetized rotor or by 
various other arrangements dependent on the revolu¬ 
tion of the rotor With the new electrically driven 
centrifuges it 11 claimed that the speed can be kept 
constant automatically to within o 1 per cent, the 
oil and air driven types of ce n tr if uges can be adjusted 
to keep constant to within 1 per cent under suitable 
conditions 

The temperature of the solution has to be recorded 
to within about o 3°C and it is necessary to ascertain 
any discrepancies between the readings of the 
thermocouple near the rotor and the t e mpera ture 
in the cell Studies of this problem as well as of the 
accurate adjustment of the optical system and a way 
of calculating the sedimentation constant, making 
fullest statistical use of the measurements, have been 
described by Cedi and Ogston 


As previously stated, approximate sedimentation 
constants are known for almost all proteins which 
have been isolated, but a really careful study of these 
as well as related molecular constants is available for 
only a few Insulin and {3-lactoglobulin have been 
most carefully investigated and similar investigations 
undertaken over a range of concentrations and in a 
variety of solvent buffers ought to be earned out on 
various derivatives of haemoglobin and serum 
albumin from different species , these proteins having 
been studied most extensively by all other physical 
methods 1 * 

The sizes of many viruses have been calculated 
from ultracentnfugal measurements and especially in 
the study of plant virusa, some of which can be 
obtained m crystalline forms, a great deal of accurate 
physical data have been obtained 

The difficulties of obtaining rehabk information 
about the shape and solvation of particles are xnulti- 
fhnotti, even when accurate data for the sedimen¬ 
tation constant and molecular weight, and from these 
the frictional force, are available 
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Some i n depende nt method hu to be found to 
determine cither shape or hydration alone before 
conclusions about the other can be deduced from the 
sedimentation constant For proteins it is possible 
that data obtained from x-ray crystallographic 
investigations 11 will give really accurate information 
about shape and hydration, and will thus afford a 
useful check on the attempts to interpret frictional 
data 1 * 


sedi m entation constants of simple electrolytes such 
as sodium chloride and potassium chloride could be 
determined really accurately, and there te rms every 
hope that this can be done with some modification 
of the method used by H Gutfuund and A G 
Ogston 9 The use of the self-plotting in te rferometr i c 
optical system described by J St L Philpot and 
G H Cook 11 might afford a way Of both simplifying 
and improving the accuracy of this procedure 


Natural and synthetic high polymers of industrial 
importance are being widely investigated, and the 
results correlated with mechanical proper ti es The 
study of the molecular weight distribution is of 
general interest and the ultracentnfuge has contri¬ 
buted much information in this line The molecular 
weight calculated from the diffusion and sedimen¬ 
tation constants represents a weight average (thu is 
not strictly correct, a true weight average will only 
be obtained if the analytical method 11 used for the 
calculation of the constants) , from thermodynamic 
methods one obtains a number average molecular 
weight, and the ratio of the two values for the 
molecular weight is a measure of polydispertion 
G HaaoAN 11 discussed this problem in some detail 
and gives further references to work on molecular 
weight distribution 

In conclusion the author may be allowed to 
speculate about an application of the ultracentnfuge 
which has occupied hu thoughts recently the study 
of low molecular weight electrolytes The deter¬ 
mination of thermodynamic activities of 10ns in the 
equilibnum centrifuge has been desenbed by K O 
Pedbubsn 1 ", and studies of galvanic cells and the 
determination of transport numbers, which were 
suggested by R C. Toucan in 1911, have been taken 
up again more recently by D A MagInnu, and the 
results up to date are desenbed by D A MacInhes 
and B R Ray 14 It would be of great value if 


The results of such investigations would be 
interesting for companion with diffusion studies on 
electrolytic solutions and would help to evaluate 
the frictional force in transport phenomena in such 
systems 

Thanks an due to the authors and publishers concerned 
for permission to reproduce the figures from the publications 
mentioned 
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Ion Exchange Resins in Chromatography 

G. W DAVIES, DSc, Y RI C 
Department of Chemistry, University College of Wales, Aberystwyth 


Modern developments m ion exchange materials 
date from (he pioneering work earned out at the 
Chemical Research Laboratory at Teddington by 
B. A. Adams and E L. Holmes 1 in 1935 Little more 
was jto b b sh ed b efore 1939, however, and it is in the 
last three or four years that ion exchange has attracted 
widespread frttentaqn New applications, new modi¬ 
fications of earlier ones, and new exchangers with 


improved or novel properties have followed each 
other in rapid succeanon, and it is safe to say that 
thu stage of vigorous and rather confined advance 
11 by no means over, for many potentialities of syn¬ 
thetic exchangers have not yet been exploited 

In tbb field with which we are concerned here, 
namely the separation of closely similar substances 
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by ion exchange columns, the most spectacular success 
has been the complete separatum of the rare earths 
in America 1 , as part of the Plutonium Project All 
the rare earth metals have been made available in 
pure form, several in kilogram quantities, and new 
standards of purity have been established In another 
field, the preparation of the pure amino acids from 
protein hydrolysates* is hardly less striking A charac¬ 
teristic feature of ion exchange columns which these 
examples illustrate is that they combine the extra¬ 
ordinary selectivity of chromatographic procedures 
with a much higher capacity than is possessed by 
the surface adsorbents of normal chromatography 

Iheory has not yet overtaken practice, but for all 
that there are several principles available to prompt 
and guide research, and an attempt is made to 
present these in the following pages The fundamental 
properties of ion exchange resins and the various 
procedures of chromatography must first be reviewed 


PROPERTIES OP ION EXCHANGE RESINS 


Resins 4 are usually classified as cation exchangers 
and anion exchangers A typical cation exchanger 
11 the Zto-Karb 215 used by S M Partridge* This 
11 a phenol formaldehyde resin carrying sulphonic 
acid groupings When immersed in water the resin 
•wells , the amount of cross linking is sufficient to 
prevent its solution but insufficient to prevent rapid 
diffusion of solutes into and out of the resin , it can 
be modified somewhat m manufacture according to 
the use to which the resin is to be put 

If a sample of the resin is shaken with a salt 
solution an exchange of cations occurs and a state 
of equilibrium is soon reached 

R SO,- H++M++C 1 -^R SO,“ M++H++G 1 - 

(0 

The exchange has been looked upon as a reversible 
reaction and described by a mass action constant*’ *, 
as an adsorption phenomenon to which one of the 
common isotherms may apply 1 , as a problem in the 
behaviour of 10ns at a charged surface 1 * \ or as a 
simple distribution between two homogeneous 
phases 10 These vanoan analogies with other fields 
hive much in coramji£ but they are not identical 
in all their implications, and the present uncer¬ 
tainties show the need for more detailed experimental 
work Most of the data 10 far available for cation 
exchange have been given as values of K in the 
equation 


M 


[M»]* [MJa- 

where [M Jp)[M|]a 11 the ratio of the quantities < 
the two cations retained by the resin, and the othc 
terms are the concentrations in the cqutlibnux 


solution Where the two cations have different 
valences the exchange is in chemical equivalents, and 
if the suffixes 1 and 9 r ep res en t urn- and bi-valent 
cations the equation becomes 


[M,]*■ [M J, _ K 
[Mil* [MJ* B 


( 3 ) 


where [M,]*, [MJ* are again the amounts of the 
two cations associated with a fixed quantity of ream 
A consequence of equation 3 is that the preferential 
adsorption of the higher valence ion is favoured at 
high dilutions, an important principle In the limited 
senes of experiments so far reported the K values 
obtained are roughly constant when they refer to 
exchanges between 10ns of equal valency, but other¬ 
wise K may show quite wide variations 11 


So far the salt solutions have been regarded as 
completely dissociated, and if this u true the anions 
present can be disregarded, as an approximation 
If the salts are not completely dissociated this will 
naturally affect the exchange and, even if no other 
complications arise, the [M]$ terms must be given 
the values of the true ionic concentrations As an 
example, the bivalent metals are less readily taken 
up from their sulphate solutions, &n which ionic 
association is considerable, than from their chlorides* 
Of the other side of the picture—incomplete dissocia¬ 
tion in the resin—little 11 known, but a study of this 
will undoubtedly be of vital importance for future 
theory Carboxylic acid resins show a strong selective 
adsorption of copper, and it 11 surely no coincidence 
that the copper salts of the common carboxylic acids 
are abnormally weak 11 

Anion exchange has been less thoroughly studied 
than cation exchange but does not appear to involve 
any fresh considerations The usual classification 
mto cation and anion exchangers 11 less helpful than 
a classification (on the basis of the free mod or basic 
form of the resin) into strong electrolyte exchangers 
and weak electrolyte exchangers The strong type 
exchangers so far discussed include Amberhu IR 105 
and 120 and Dcwex 30 and 50 (sulphonic acid groups), 
and Amberhu IRA 400 and Dcwex 1 and 2 (quaternary 
nitrogen groups) Weak type exchangers indude 
DeactdtU and Amberhu IR 4B (amines) and Amberhu 
IRC 50 (carboxylic acid) Many of the earlier ex¬ 
changers contained groups of both types eg sulphonic 
aad and phenolic, but the present tendency is to 
use umfunctional exchangers as their behaviour is 
simpler both in theory and practice 

The outstanding characteristic of weak resins 11 
that the number of ionized groups, and therefore the 
exchange capacity, depends markedly upon condi¬ 
tions, and particularly on the of the solution 
Thus a weak amine resin will be highly ionized and 



c w davirs Ion Exchange Resins in Clhramatography 


Jtisemk 3-10 


its exchange capacity will be high in acidic solutions, 
but at greater pH*% it will be largely unionized and 
inert With certain qualifications it can be assumed 
that these changes will be governed by the usual 
diwociation equilibrium for a weak electrolyte / g 

RNH.+ <*RNH f + H+ (4) 

and the theory of common ion effects, neutral salt 
effects and 10 on can be taken over from the ordinary 
theory of weak electrolytes An important difference, 
however, 11 that the RNH t on the right hand side 
of equation 4 is part of a structure carrying a high 
positive charge, and on account of electrostatic 
repulsion the hydrogen ion at the resin surface is not 
at the concentration registered in the remote solution, 
but at perhaps one hundredth of this value The 
conclusion can also be reached by regarding 
the ream as a homogeneous phase and applying the 
Donnan membrane theory An amine ream in contact 
with hydrochloric acid will then appear as follows 

Resin phase Solution 

RNH, H+ (o 0014M) H+ (o im) 

RNH.+ (7M) a- (7 0014M) a- (o im) 

The concentration of chloride in the resin must 
balance both the RNH, + and the H + , and at the 
same tune equilibrium requires the equality 

[H+MC 1 -]* - [H+] s [C1-]5 (5) 

A more exact treatment would require large activity 
correction* If the resin possessed 7 milhequivalents 
of ionized groups per ml when in contact with 
o im HGI, the concentrations would be as displayed 
in parentheses 

Other important factors in the use of weak resins 
are that processes involving a change in the extent 
of ionization are much slower than those of simple 
ion exchange, and usually involve much larger 
swelling changes A distinction must therefore be 
made between their use for purely exchange reac¬ 
tions, earned out at a constant controlled pH, which, 
like similar reactions with strong exchangers, will be 
rapid, and those much slower processes in which an 
aod/base reaction is used—as when an acid is ad¬ 
sorbed on a basic resin and the anion then displaced 
by increasing the pH 

CHROMATOGRAPHIC PROCEDURES 

The term chromatography is now applied to any 
p r o c ess in which a separation, or partial separation, 
is brought about through the relative motion of two 
phases In the field under consideration, a solution 
is passed througlf a column of the swollen resin 
Each constituent of the solution {pay then pass 
through the column with the same velocity as the 


solvent (if it is unaffected by the resin), with zero 
velocity (if it is firmly held by the ram), or with any 
intermediate value A successful separation will 
depend on the different solutes travelling at sufficiently 
different rates The retardation produced by die 
ram may be due to a variety of causes, acting to¬ 
gether or separately In addition to ion exchange, 
molecular adsorption may occur in significant 
amounts on the ream framework , and a separation 
procedure may depend not only on exchange or 
adsorption equilibria but on the ratrs at which the 
processes occur A possibility now being actively 
followed up is the preparation of rams so closely 
cross linked that the exchanging centra are in¬ 
accessible to large ions, and the separation of small 
from more complex 10ns may utilize this fact Many 
other possibilities are still unexplored, for example 
partition chromatography on ion exchange column*, 
the use of mixed solvents, and the preparation for 
special purposes of rams containing highly specific 
groups 

In general, there are two ways in which chroma¬ 
tographic columns have been utilized In the first, 
the solution is continuously fed into the column in 
an amount exceeding its total capacity The least 
retarded solute appears first in the effluent, but once 
the second solute has reached the end of the column 
any remaining solution would emerge as a mixture 
An enrichment or a partial separation can be 
achieved in this way in a substantial amount of 
mixed solute, and a multi-stage system has been 
described 11 which is capable of the large scale 
separation of two solutes Thu may be called the 
break-through method 

In the other, the method of elution, a very much 
smaller quantity of solute a used but the separative 
powers of the column are exploited to the full Thu 
u the classical method of chromatography, in which 
a small quantity of material is adsorbed at the top 
of a column of suitable adsorbent, and the separate 
solutes washed down the column at different rates 
by means of a suitable solvent, or succcaion of sol¬ 
vents In especially favourable instances a solvent 
may be found which elutes only one of the con¬ 
stituents, and the remainder can then be collected 
m separate fractions by die use of more powerful 
solvents Thu will rarely arise with ion exchangers, 
where the aqueous solutions used as eluants can 
seldom exert such a highly selective action, and 
where the aim will be to choose conditions such that 
the solutes move down the column at markedly 
different rates, 10 that there will be a minimum of 
overlap, of the various solutes in the effluent The 
theory of ehition procedures has been developed by 
a number erf* authors 14 to a point where insight into 
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the general proem hat been gained, and where 
semi-quantitative ag r e em ent between theory and 
experiment has been obtained m favourable circum¬ 
stances , but it will be realized that a quantitative 
theory requires a knowledge of the adsorption 
equilibrium for each solute in the pres e n ce of varying 
amounts of other competing substances , and that if 
this information cannot be expreaed in a simple 
equation, the formulation soon becomes impossibly 
complicated It must also be recognized that flow 
through a column is not exactly controllable and 
reproducible, and disturbances such as those caused 
through distortion of a theoretically horizontal 
boundary can explain a large margin of error between 
theory and practice 

A very important modification of the elution pro¬ 
cedure is the method of 1 displacement development ’ 
due to A Tzhbuui 11 The mixture is adsorbed at 
the top of the column and developed by a solution 
containing a substance more strongly adsorbed than 
any in the mixture If the column is sufficiently good 
to effect a complete separation, the solutes wi ? l 
normally emerge from the column in separate zones, 
followed by the pure developer The abrupt changes 
that occur in some characteristic property as one 
zone succeeds another can be used to follow the 
process and to identify the constituents 

SEPARATION OF ISOTOPES 

T I Taylor and H C Urey 11 were the first to 
attempt the separation of isotopes by ion exchange 
On passing lithium chloride through a column of a 
sodium zeolite, the sample first coming through was 
enriched m the ? Li isotope In other experiments 
a sample of lithium chloride adsorbed at the top of 
the column was eluted with sodium chloride, and 
again the leading sample had a high, and the tailing 
sample a low, T Li/*Li ratio Long c olu m n s were 
used, but the gram siArand the rate of flow were 
both too great to grft equilibrium conditions 
E Gluxgkauf, K H Barker and G P Krrr 14 
have continued the work on lithium isotope separation 
using very finely ground resin and slow rates of flow 
The first effluent was almost pure T Li, but the total 
amount of enrichment was disappointing, and far 
smaller than theory would predict Pdaubly too high 
a fractionation factor was used in the calculations, 
but m such a searching test of the theory disturbances 
m the column could also lead to a large discrepancy 
between theory and experi ment 

No other wbrk on isotope separation has yet been 
reported except fir tome preliminary measurements 
of T I Taylor and H C, Urey 1 * in which they 
extended their wofk to the potassium and ammonium 


ions With these the heavier isotope is p refer en tially 
held by the ream, the degree of enrichment obtained 
was again poor 

In all these experiments the enrichment is due to 
a pr eferen tial adsorption of one notope. The effect 
can never be expe c ted to be large With lithium, 
which u probably very favourable, the equilibrium 
constant given by Taylor and Urey for the reaction 

T LiR + *Li •LaR + 'Li . (6) 

u 1 oaa The only ways in which this figure might 
be improved are by varying the ream or the solvent 
No work has yet been reported on non-aqueous 
solvents, but there are grounds for believing that the 
choice of ream is important It has been stated that 
zeolites are more selective than the common resinous 
exchangers, and that the selectivity of the latter is 
improved by increasing the extent of cross linking 1 * 

An improved separation would also result if the 
efficiency of the column could be enhanced by an 
increase in the number of successive adsorption and 
desorption steps per unit length of column When a 
lithium salt solution is admitted to a column of 
exchanger in the sodium form, there will not be an 
immediate quantitative exchange, indeed, the ex¬ 
change equilibrium favours a retention of the sodium 
on the ream Some of the lithium salt solution will 
therefore pass through the first layers of ream without 
undergoing exchange , moreover, the aodium gradu¬ 
ally liberated at the top of the column will compete 
with the lithium, and reduce its adsorption lower 
down, and this loss of efficiency is repeated through¬ 
out the column It would seem better therefore to 
devise the experiment so that exchange was quan¬ 
titative throughout, and this might be done by 
using, say, lithium acetate and employing a cation 
exchanger u the hydrogen form The acetate ion, 
by maintaining a high pH, would ensure that the 
exchange of hthium for hydrogen was virtually 
quantitative at all points in the column The same 
choice of reagents in an elution ex p er iment would 
ensure that the material applied to the column was 
initially held m the narrowest posable band at the 
top of the column Thu principle, of employing 
weak bases or weak aods in conjunction with strong 
acid or basic exchangers, n of very general 
application 

One farther possibility of improving the separation 
is by supplementing the selective action of the ream 
by a chemical reaction of some sort in the solution 
phase In the case m point, where *Li n preferentially 
bold by the resin, an increased separatwh ffcctor 
would be achieved if the solution contained, either 
as the anion accompanying the metal or as an 
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additional reagent, a material which combined with 
the lithium ioa and did so preferentially with the 
*Li isotope, thus favouring us escape from the column 

SEPARATIONS or WEAK ELEGTROLYTEI 

In biochemistry and organic chemistry separation 
problems will usually be concerned with weak 
electrolytes or their salts, and ion exchange reams 
are well adapted to deal with these The separation 
of two weak bases, B x and B* may be taken as a 
typical example If the mixed solution is passed 
through a column of a strong acid exchanger the 
bases will be quantitatively adsorbed in the form of 
their cations. If the adsorption affinity of the resin 
for the two cations differs sufficiently a large scale 
separation by the break-through method might be 
feasible This is only likely, however, if the two 
cations differ in valency In such a can the exchange 
equilibrium, say 

2RSOr B 1 H+ + B,H,*+ 

«* (RSO,-). B i H, ,+ + 2 BjH+ 

( 7 ) 

would lie for to the right hand side, and the BtH+ 
canons at first adsorbed on the resin would be 
effectively displaced by the B,H, ,+ from later 
additions of solution The process is aided by the 
fact mentioned earlier, that a multivalent ion is 
relatively more strongly adsorbed at low concen¬ 
trations , as a result of this the B,H, >+ advancing 
down the column will maintain a sharp front 

Usually both bases will be monacidic, and probably 
an elution procedure will be used Occas ion ally the 
two bases might be separated by a judicious choice 
of mixed solvents, or by a chemical reaction in the 
solution phase which pre f erentially removed one base 
or the other from combination with the resin , but 
the most general method of separation will be by 
the process of displacement development, described 
earlier, using a stronger base than either as the 
developer The developer pushes the other bases 
before it down the column, where they are continually 
re-adsorbed by salt formation At each stage preferen¬ 
tial adsorption occurs, until finally the separation 
m complete The bases should then emerge from the 
column in separate zones, die weakest base first, and 
each tranution from one zone to the next should be 
marked by an abrupt change in pH value and in 
conductivity 

The mechanism of the development may be 
naafeed by considering a mixed band where the 
two bases B & and BT b ate adsorbed m*$e proportions 
xfr As the developer advances, sortie of the bares 
will be released from the resm in these proportions, 


but if B, is the stronger base its degree of ionization 
will be greater in the resulting solution, and 

[® 1 H + ]/[B i H+] > x\y (8) 

Equilibrium with the mixed band however requires 
that 

[B 1 H+]/[B t H+] - * xfr (9) 

where k will be dose to unity if the adsorption is 
primarily an electrostatic pro c ess into which strong 
specific adsorption affinities do not enter The 
movement towards equilibrium will therefore cause 
B]!! 1 * from the solution to exchange with B*H + at 
the resm surface, and the solution patting on will 
be enriched m the weaker base This argument 
applies whatever may be the size of the ratio xjy, 
so die separation proceeds to completion and the 
boundaries between the different zones are self 
sharpening 

In this process of ion displacement development 
the concentration of the issuing bases is determined 
by the concentration of the developing solution , the 
ease of separation, and the pH values of the various 
zones are determined (assuming k close to unity) by 
the dissociation constants of the bases The chief 
disturbing factor to be feared is molecular adsorption 
of uncharged base This, if it occurs, is a 1 ess readily 
reversible process than ion exchange and will inter¬ 
fere with the sharpness of the separation. 

The separation of weak electrolytes can also be 
earned out on weak exchangers As was pointed out 
earlier in this article, it will then be advisable to 
avoid changes in the electrical charge of the resin, 
and in its degree of swelling, by operating at a con¬ 
stant pH The choice of the optimum pH, which 
depends on the dissociation constants of the elec¬ 
trolytes to be separated, has been discussed in a 
recent paper* 

SEPARATION OP STRONG ELECTROLYTES 

Anions or cations can be separated by die same 
methods, which may be illustrated by the very 
successful separations worked out for the rare earths 9 . 

The mixed salt solution is run into a cation 
exchanger in the hydrogen or ammonium form, 
the rare earth cations are adsorbed in k narrow band 
at the top of the column They are then eluted by a 
solution of ammonium hydrogen citrate adjusted to 
the optimum pH, and in this way a very high degree 
of separation is achieved. 

The procert b agaut a two stage one, repeated 
continually down the celuign The cations Are do- 
solved from the serin as atrate complexes, the 
differing dissociation constants of which remit in a 
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•elective solvent action , and the equilibrium between 
labile complex and simple cation is again disturbed 
as soon as fresh resw is encountered since the ter- 
valent cations will be very strongly adsorbed in place 
of the univalent hydrogen or ammonium, a stage at 
which the selective action of the resin comes into 
operation The success of the process is partly due 
to the fact that these two effects reinforce one 
another The stability of the complex increases with 
decrease in the radius of the unhydrated cation, but 
the affinity of the resin for the cation vanes in the 
opposite direction Through both effects, therefore, 
the smallest cation will migrate down the column 
with the greatest net velocity, and will appear first 
in the effluent 

The optimum pH for a given separation has been 
determined largely by tnal and error Theoretical 
treatment is handicapped by the complexity of the 
problem, since a number of complexes are formed 
* I La(H 1 Cit)-+ i La(H i Cit) i + ) La(H.at)., 
La(HCit)+ etc If theoretical predictions are at¬ 
tempted it must be remembered that the pH and 
the various concentrations are very different at the 
surface of the resin from their values in the ambient 
solution the H + and Cl" concentrations given in 
the example on p 448) Thu may account for the 
observation that Dowcx 60 requires a higher measured 
pH than AmbcrlxU IR 1 , since the former resin has 
a higher electrical charge density, the actual pH at 
the renn surface may have been the same for 
both 

When the object u {he preparation of pure rare 
earths in considerable quantities, the speed of elution 
can be greatly increased with only a small sacrifice 
of selectivity by a slight adjustment of the pH from 
its best value Possibly thu u because the differences 
in the stabilities of the complexes represent a much 
more important factor in the separation than the 
selective action of the resin. 


SUbfcARY 

In preparative work, particularly where the affinity 
of the resin for the two solutes differs very greatly, 
as when there u a difference of valency, the column 
may be loaded with solute the break-through point 
A multistage system may then give complete 
separatum on a large scale 


More usually, when the separative power of the 
column must be utilized to the frill, a small amount 
of the mixed urns will first be adsorbed at the top 
/of an exchange column A good separation will then 
depend on die following: 

/ Maintenance of near-equilibnum conditions, en¬ 
sured by a fine grain size, uniform packing, slow 


rates of flow, or elevated temperature* 

9 A mechanism of selective desorption from the 
resin For ions of weak electrolytes with markedly 
differing JT*s it may be provided by pH adjustment 
For strong electrolytes a conversion to the unduso- 
ciatcd form is impossible and must be replaced by 
complex formation (an alternative possibility for 
weak electrolytes also) 

\ 

3 Efficient re-adsorption on fresh renn during 
transit down the column Thu may result from a 
valency difference, or may be brought about on 
acid or base exchangers by a neutralization reaction 
It should again be as selective as possible 

Hie relative importance of the pro ce sses described 
under * and 5 will vary widely, and either may 
play the mam role in the separation For instance, 
wnh amino acid mixtures the separation is mainly 
governed by differences in pK , but where these are 
very small, as with glycine, alanine and leucine, a 
separation is still possible depending* on differences 
in adsorption affinity 
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Thi importance of vitamin a in human diet it now 
too well known from the regulations regarding the 
vitammuation of margarine to require emphasis 
The physiological activity of the vitamin is charac¬ 
terized by its power to restore growth to ftmmmh fed 
on a diet containing all except vitamin a 

and by the characteristic degeneration in the struc¬ 
ture of the eye known as xerophthalmia which occurs 
m a n i m a l s living on a seriously vitamin a deficient 
diet Manifestation of the latter in humans occurred 
in an outbreak of this eye disease in Denmark during 
the 1914-1918 war when poorer people ate little 
butter and margarine was not vitaminized 

The two main sources of vitamin a in human diet 
are, of course, axerophthol (vitamin a alcohol) 
I and its fatty acid esters, and the polyene colouring 
matter ( 3 -carotene II which is responsible for most 
of the units of vitamin a activity essential to healthy 
nutrition 

CMa, 

/ V 

CH, C CH CH CMa CH CH CH CMa CH CM, OH 



hydrolytic fission of this type in organic chemical 
literature, numerous ad hoc experiments on the 
hydrolysis of colloidal solutions of ^carotene with 
water, aqueous organic solvents in the presence of 
mild alkali and various emulsifying agents have 
foiled to furnish any evidence of the formation of 
vitamin a alcohol from such a reaction 1 A number 
of attempts to accomplish the conversion tit vitto by 
means of biochemical agents have pV> proved un¬ 
successful Actual chemical conversion of ^-carotene 
into vitamin a alcohol was accomplished m very 
small yields by oxidative fission to axerophthal 
(vitamin a aldehyde) and subsequent Pondorff re¬ 
duction to the alcohol in the year 194a, although 
this work was not published until 1945 s From 
work on rhodopsin* it seems likely that these reac¬ 
tions of oxidation and subsequent reduction are also 
the basis of biological conversion 

Up to the present the main commercial sources 
of vitamin a have been whale liver ml and the liver 
oils of certain fish such as the shark, dogfish, cod, 
and halibut It was already evident from the in¬ 
creased whaling of the years before 1939 that new 
sources of vitamin a were necessary and these were 
subsequently provided to a large extent by high 
potency shark liver oil The high vitamin a ester 
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The alternative character of carotene and vitamin 
a w dietaries, which gave nse to some confusion in 
early investigations when it was observed that the 
vitamin a activity of certain butters was proportional 
to the yellow colour mainly attributable to carotene, 
arises from the conversion of carotene into vitamin a 
in the animal body Thu important and remarkably 
efficient biological conversion u represented in most 
standard works as a hydrolytic fission of the central 
double bond in (3-carotenc with the production of 
two molecules of vitamin a alcohol, in accordance 
with the equation 

‘ C l# H If + 8JI.O - 8 C„H lt pH . (1) 

Thu picture seems quite erroneous Ajfcrt from the 
foot (hat we are unable to recall an example of 


content of these arises, presumably, from the canni¬ 
balistic nature of the shark towards smaller fish and 
its function of concentration fay storage in the liver 
As the remit of the new commercial demands high 
potency shark liver oils became scarcer and attention 
was directed to lower potency oils of the dogfish 
liver type which preKnted, however, greater diffi¬ 
culties with regard to deodonzation 

On the synthetic side, during the 1999-45 war 
years, much attention was directed to rational syn- 
theus of vifemm Afromf 3 -ionone by Sir Ian Hzilbaok 
in this country, 6. Isuta in Switzerland, N A Milas 
in U S A, and D A van Dorp and F J Assn m 
Holland At Port Sunlight much research was con¬ 
ducted on the alternative approach of the chemical 
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conversion of carotene into vitamin a While the 
yields of vitamin a aldehyde obtained in oxidation 
exp er im ents on (3-carotene arc depreningly low, the 
remarkable efficiency of biological conversion in the 
rat indicate the feasibility of the project 

With regard to carotene itself, an abundance of 
this occurs, of course at very low concentrmuon, in 
the vegetable kingdom and furnishes most of the 
vitamin a requirements of normal human nutrition 
The actual utilization of carotene from vegetables by 
the body is, however, small It was early shown by 
J C Drummond and hfi collaborator 4 at University 
College, London, that absorption of carotene in rats 
is dependent on a sufficiency of fat in the diet and 
that in the absence of this up to ninety per cent was 
excreted unchanged It was observed in experiments 
earned out for the Medical Research Council on 
human volunteers during 1939-45 that disappearance 
of carotene from the gastro-intcstinal tract was 
highest when carotene was dissolved in arachu oil 
or margarine On average, 28 per cent of carotene 
given in this form was excreted unchanged, while the 
percentage excretion from green vegetables was in 
the region of 60 per cent, and as high as 75 per cent 
for sliced carrots It was concluded that a daily 
dose of 1,300 international units (1 u ) of vitamin A, 
or of a,600 1 u of carotene, was sufficient to cure a 
mild state of vitamin a deficiency and that the in¬ 
clusion in the diet of a daily intake of 2,500 1 u of 
vitamin A or of 5,000 1 u of carotene was to be re¬ 
garded as adequate for the maintenance of adults 
with a fair margin of safety* Given adequate fat 
in the diet, the bulk of adult humanity could no 
doubt obtain its vitamin a requirements from carotene 
but, apart from individual variation m absorption 
(which was wide in these human experiments), 
higher levels are required during pregnancy, mater¬ 
nal nursing, childhood, and illness which can only 
be attained by dosage with the actual vitamin 

BIOL OO 10ALLY ACTIVE CAROTENOIDS 

Carotene from carrots s found by R Kuhn to 
contain from 10 to 20 per cent of a-carotene, the 
optically active isomer ///, while that from palm 
oil may contAin from 25 per cent to as much as 50 
per cent of a-uotner 


« 5 Y (3-carotene produced {he same growth effect 
as 5 y of a-carotene and concluded that the a-uomer 
possesses only half the biological activity of (3- 
carotene A careful biological anay of very pure 
specimens of a- and ( 3 -carotene isolated from Sherbro 
palm oil T , using Morgan’s diet* and a large number 
of animals, has since provided striking confirmation 
for the 1 2 ratio for the potencies of ot- and (3- 

carotene* 

The * half activity ’ of ot-carotcne and other 
carotenoids containing a single unsubstituted (3-ionone 
ring is in agreement with the view that conversion 
of pro-vitamin a active carotenoids to vitamin a 
occurs by fission of the central double bond of the 
conjugated system, which is also consistent with the 
fact that it is the (3-ionone ring which is preferentially 
attacked m the oxidation of a-carotene by alkaline 
potassium permanganate with production of a 
biologically inactive apo-oc-carotenal 14 

As might be anticipated, the proportion of a- to 
(3-carotene m palm oils vanes with the distnet of 
origin, the species of fruit, and the earlier history of 
the oil It was found that there was little variation 
m the nature of the carotenoids present in different 
palm oils, the pale coloured Malay oil and the deep 
red Bissau 11 representing extremes in which colour 
and biological acuvity were laigely determined by 
the carotene present m the form of cl- and (3-isomers 
In a carefully planned investigation, in which a 
number of samples of od prepared from specially 
selected bunches of unripe and npe palm fruit from 
a West African plantation was examined, it was 
found that while the total carotene varied consider¬ 
ably, the proportion of a- to (3-carotene obtained from 
unripe and npe fruit of die same tree remained 
constant The proportion of isomers varied, however, 
from tree to tree 1 * 

In addition to ot- and ( 3 -carotene, R Kuhn and 
H Brockmann also observed the presence in very 
small amount of a third isomer IV in carotene from 
carrots, which they isolated by chromatographic 
technique and named y-carotene the growth pro¬ 
moting response m rats of which was found to be half 
of that of [3-carotene in accordance with the praence 
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R. Kuhn and H Brookmann* first observed of a single (i-ionone nng in the molecule 11 The 
similar growth raponses for a- and ( 3 -carotenes in praence of y-CMrotene in very small amount has 
rats fed on a vitamin a free diet but later found that also been observed in most of the special palm oils 
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examined by the author and his collaborators and 
it was actually isolated in crystalline condition from 
a commercial Ses* palm oil 14 

Substitution of a hydroxyl group for hydrogen in 
the (J-ionone ring pf a- or ^-carotene results in loss 
of pro-vitamin a activity The commonest hydroxy 
derivative is, of course, lutein, which is still frequently 
called xanthophyll, the name now given to the whole 
group of biologically inactive oxidized derivatives of 
the carotenes This pigment which occurs in yellow 
leaves, egg yolk, and in certain palm oils, is a 
dihydroxy-a-carotene, formula V The corre¬ 
sponding dihydroxy derivative of {^-carotene, zeaxan- 
thin, accompanies lutein m egg yolk and is similarly 
devoid of growth promoting activity while the mono- 
hydroxy-p-carotene derivative, cryptoxanthin, for¬ 
mula VI 9 which occurs in yellow maize, peaches 


from a benzoin condensation of two molecules of 
phytol aldehyde, followed by dehydrogenation of the 
intermediate complex 

It was later suggested 7 that lycopene, ( 3 -carotene, 
and y-carotcne might be formed simultaneously from 
such an intermediate complex In such a picture the 
appearance of y-carotene m palm oil would corre¬ 
spond to simultaneous operation of both dehydro¬ 
genation processes and might account for the very 
low yields of this nomer isolated from both unripe 
and npe fruits In the same paper the formation 
of ot-carotene was pictured as being explainable as 
arising from asymmetric isomerization of (}-carotene 
by way of a three carbon pro to tropic change of the 
type analogous to the racemi/auon of azomethine 
derivatives observed by C K Ingold and his 
collaborators 1 * On this basis the proportion of ot- 
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§ and also in egg yolk exhibits pro-vitamin a activity 
in accordance with the presence of the unsubstituted 
p-ionone ring 

* R Kuhn and C Grundhann 11 observed that 
cryptoxanthin showed growth promoting activity in 
doses of 5 to 10 y in contrast to {^-carotene which is 
effective in doses of a 5 y More recently it has been 
reported 14 that the pro-vitamin a activity of all-ta&tf- 
cryptoxanthm is 60 per cent of that of all-troar-^- 
' carotene It u interesting to note that an earlier 
investigation of diets containing a- and (J-carotene and 
cryptoxanthin in the form of fruit and vegetables 
indicated that cryptoxanthin was of less value than 
ot-carotcnc as a source of vitamin a for human beings 17 

With regard to the biogenesis of carotenoids, it was 
early suggested by P Karrrr it ah i 1# that the forma¬ 
tion of lycopene m fruits might be pictured as anting 


to p-uomer might be expected to vary with the degree 
of npeness of the palm fruit As already mentioned, 
however, this is not the case and furthermore 
attempts to effect the interconversion of both |£- to 
a- and a- to (J-carotene by heating with uopropyi 
alcoholic sodium tropropoxide (compare C K Ingold 
and C W Shoppee**) have proved unsuccessful 

effect of stereochemical configuration 
on biological activity 

As might be anticipated, stereochemical configuration 
plays an important role in the biological activity of 
the pro-vitamin a active carotenoids The most 
active carotenoid is, of courae, ordinary crystalline 
(J-carotene, which possesses the all-fwu-configuration 
Change of this to the 3-mono as isomer, aso-jl- 
carotene U, however, causes a foil to 36 per cent of 
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the growth promoting activity of the molecule 11 
Change from the aU-fow-coofiguration of ordinary 
a-carotene to the eu isomer, nso-a-carotene U remits 
in a fail to lew than a third of the biological activity 
of the former (13 per cent of that of all-JraAr-p- 
carotene 11 A re-investigation of the pro-vitamin a 
activity of y- carotene by H J Dbuel and hu 
collaborators* 1 has shown, however, that aU-fnnu- 
Y-carotene posse—ei only 26 per cent, and not half, 
of the biological activity of alUfrwu-0-carotene and 
that the as isomer, nw-Y-carotene P isolated from 
npe bemcs of PyraamthA tmgusttfolia has only 19 per 
cent of the growth promoting power of all-from- 
0-carotene 11 

The most characteristic features of the stereo- 
isomcnsm of the carotenoids are the ease and 
reversible character of the isomerisations and the 
small shifts in absorption maxima towards the region 
of shorter wavelength associated with conversion of 
tms to as linkages Attention was early drawn 14 
to the analogy of the mobile cu-trans isomerism of 
carotenoids with azobenxene and it was furthermore 
observed that 0-caroteno uoraenzed more rapidly 
in toluene (nan-polar) than in mtromethane (polar) 
solution, paralleling G S Hartley’s observations 
with regard to asobenzene 11 

conversion op carotene into vitamin a 

With regard to the conversion of the carotenes and 
pro-vitamin a active carotenoids into vitamin a in 
the animal body, it was until recently generally 
assumed that the liver was the site of conversion 
The storage of vitamin a in the liver and the fact 
that there u a decrease in vitamin a formation in 
the body when this organ 11 poisoned or damaged 
lent support to this view It was observed M , however, 
that relatively large amounts of carotene may remain 
in the liver of the rat after its parenteral injectibn 
without being utilized l|$ough the animal was 
suffering from vitamin a deficiency Experiments 
earned out at Liverpool university 1 * on goats and 
other animals indicated that conversion occurs in the 
intestinal wall R F Kraus and H B Pixrse u 
have now shown that carotene can be converted 
into vitamin a in rats in which the liver has been 
isolated by a ligature on the portal vein It therefore 
seems probable that the intestinal wall i| the mam 
site of conversion m mammals 

The early claim of H S Oloott and D C 
McCann*• to have accomplished the conversion of 
carotene into vitamin a ut intro by means of an 
enzyme obtained from the liver of rats fed on 1 
vitamin a free diet was discredited by the work of 
J CL Drummond and his collaborator 1 *. A later 
claim* 4 with regard to conversion in liver autofymtes 


Is unsupported by spectraacopK evidence. Further 
work earned out by J CL Drummond 11 and hu col¬ 
laborators afro furnished negative remits 

Attempts by R F Hunter and his collaborator 1 
to carry out a purely chemical conversion by oxida¬ 
tion of (3-carotene to axerophthal by a variety of 
reagents proved untucce—fiil and a careful repetition 
of earlier work* on the oxidation of 0-carotene with 
■lk*hrw* potm—mm permanganate, which furnished 
the biologically active 0-apo-a- and fi-apo-4-caro 
tenals, foiled to reveal the presence of any vitamin a 
aldehyde Finally, the desired reaction was accom¬ 
plished, but only m very small yield (c 1 per cent), 
by means of hydrogen peroxide in glacial acetic 
aad, under carefully controlled conditions 1 Hydro¬ 
gen peroxide suggested itself as a closer approach 
to biological conditions than other oxidizing agents, 
and it is interesting to note that the apparent optimum 
temperature for our experiments (38-40°C) was 
near to that of the animal body The vitamin a 
aldehyde which had been previously prepared and 
characterized 1 * was separated by chromatography 
and reduced to vitamin a alcohol fay Pondorff 
reduction with aluminium uop rop oxide and the latter 
further characterized by conversion into anhydro- 
vitanun a by treatment with alcoholic hydrochloric 
acid Biological test of a solution of the vitamin 
thus obtained in arachis oil showed growth promoting 
activity in rats (ten litter mate growth comparisons) 
of the order indicated by spectroscopic assay Numer¬ 
ous attempts to improve the yield by variation in 
the conditions of oxid a ti o n proved unsucceidul 

This is explicable on the basis of considerations of 
resonance m extended conjugated systems, since each 
double bond will lose some of its double bonded 
character to the neighbouring single bonds, with 
increase of this effect towards the centre of the 
system 14 If resonance is indeed responsible for the 
low yield of vitamin a aldehyde and the m nos 
conversion does proceed by this reaction, some 
circumstance must be present which obviates this 
and permits at least 50 per cent conversion in the 
rat. This may, of course, be connected with a 
favoured geometrical configuration of the 0-carotene 
molecule There is much evidence that the effective 
utilization of carotene in the animal body is intimately 
connected with the prmence of the glycerides of 
unsaturated fotty acids* 1 and it seems not unlikely 
that the latter, po-ibty in conjunction with an 
enzyme, play a significant role in rendering the 
central double bond prone to oxidation 

Before passing to work on foe rational synthesis of 
vitamin a, which co mp ri se s the other ra^pr subject 
of this account, reference may be made to recent 
work on the International Standard for vitamin a 
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INTERNATIONAL STANDARD 
FOR VITAMIN A 

a 

The isolation of specimens of ot- anid ^-carotene, the 
physical properties of which indicated that they were 
purer than any previously described m the literature! 
led to the request to the author from the Medical 
Research Council for a preparation to be used as 
the new * International' Standard for vitamin a 

The original pure specimen of ^-carotene had 
been prepared from Shsrbro palm oil but it was 
decided, for several reasons, to use a grass carotene 
concentrate as starting material which was known 
to be free from cc-isomer The benefit of much 
previous experience in chromatography and crystalli¬ 
zation obtained in earlier investigations was utilized 
in this work and spectroscopic examination of the final 
preparation, at both Port Sunlight 1 * and the National 
Physical Laboratory, indicated that the purity 
was at least as high as that of the previous Inter¬ 
national Standard prepared by P Kark&r Actually, 
the melting point of the new preparation was found 
to be higher 

Up to this time the International Standard had 
been issued from the National Institute for Medical 
Research as a solution in coconut oil with a nominal 
potency of 500 1 u per gram Examination in late 
1945 of » particular sample about which doubt had 
been exprened showed, however, an E (1 per cent, 
x cm) value of o 627 at 464 rop in benzene, indicating 
a mammal potency of 4451 u per gm and chromato¬ 
graphic analysis of the unsapomfiable matter from 
this, based on such published information as was 
available on the biological activity of fl-carotene 
stereoisomers, suggested that the real figure was 
closer to 350 The actual ^-carotene which had been 
used for the preparation was, however, free from cu 
isomer* and gave on chromatography an all-bwu- 
P-carotene zone from which 965 per cent of the 
original carotene was recovered At a special con¬ 
ference held with the Department of Biological 
Standards at the National Institute for Medical 
Research it was decided to usue the Standard in 
solution of refined deodorized aradus oil, prepared 
under conditions ensuring the minimum of isomerisa¬ 
tion and destruction at a potency of 0001 u* per gm 
This procedure has now been in use for more than 
three years and has proved satisfactory. 

As a result of the recent report of the sub-committee 
on Fat-Soluble Vitamins to the expert committee on 
Biological Standardisation of the World Health 
Organfition, however, vitamin a acetate is now 
bemg anted as the new standard for vitamin a and 
the solution of (^-carotene in firmdus oil has be com e 
the International Standard for Provitamin a. 


SYNTHESIS Or VITAMIH A AND 
ALLIED OOUPOUNDS 

VUamut A —Whereas perhydrovitamm a was syn¬ 
thesised by P Kaeeer and his collaborators as long 
ago as 1933, authentic lynthoei of vitamin a have 
only Surly recently been reported In 1937 R Kuhn 
and C J O R Morris* 1 described a rational 
synthesis of vitamin a alcohol from p-ionone, the 
final stages of which consisted in the condensation 
of p-ionybdeneacetaldehydc with p-methylcrotonal- 
dehyde to vitamin a aldehyde and reduction of this 
to the alcohol by the Pondorff method, but grave 
doubt was cast on the validity of this work by the 
subsequent experiments of P Karrkr and A 
Rueooer 11 Similarly negative results were obtained 
in Russia" and at the Imperial College 49 

While searching for new routes to vitamin A, the 
attention of Sir Ian Hkilbron and his collaborators 49 
was attracted to a paper by S Ishikawa and T. 
Matbuura 41 in which the preparation of a C u 
aldehyde from p-ionone and ethyl chloroacetatc was 
described to which the formula VIII was assigned 
Re-investigation of the reaction 4 * showed that the 
aldehyde actually has the constitution of formula IfC* 

CMa, 

<fH,\-CH CH CHM. CHO 

M. 

(HH> 



CM* 

dH.'V-CH, CH CM* CHO 



Combination of this with a ketone molecule 
Me CO CH, CH.OR 

by way of an acetylene molecule would be expected 
to lead to a structure convertible into vitamin a 
Pressure of other work during the war prevented 
the realization of this m the South Kensington 
laboratories and the credit of rational synthesis on 
these lines has to be accorded to O Isua and his 
collaborators 41 in Switzerland. In 1946 they des¬ 
cribed the synthesis of vitamin a methyl ether from 
the aldehyde, formula IX, by condensation with 
i-methaxy-3-methyipeatenyne, catalytic semi-hydro- 
genabon of the product, formula X, and co n v er si on 
of the hydrogenated product into vitamin a methyl 
ether by rearrangement and dehydration, The 
ether, which was first obtained as a yeBow oil 
showing an absorption maximum at 393-318 mp and 
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Formula IX + CH=C CMe CH CH,OMe—► 


CM*, 

dH, CH, CH CM* CH(OH)C C CM* CH CH.OM* 

Ah, Li. 


(«) 


reported to possess biological activity 1 at leajt as 
great as that of p-carotene has now been obtained 
in the crystalline form 

In the following year O Isler and hu col¬ 
laborator! 0 described the successful synthesis of 
crystalline vitamrn a by the route which had been 
visualized by Sir Ian Heilbron et alu 49 The alde¬ 
hyde IX was condensed with the di-Gngnard complex 
of 3-methylpmtenynol XI, and the resulting glycol 
XII partially dehydrogenated with palladium- 
charcoal catalyst poisoned with quinoline, and there¬ 
after partially acctylatcd The resulting mohoacetyl 
derivative XIII was then subjected to anionotropic 
isomerization and simultaneous dehydration by 
heating with toluene in the presence of a trace oi 
iodine, when vitamin a acetate was obtained The 
vitamin a alcohol obtained from this was converted 
into crystalline derivatives from which the crystalline 
alcohol was obtained by regeneration 


Rp—CH, CH CMe CHO + CH = C—CMe-CH CH.OH 

(IX) J (XI) 

CH, CH CM* CH(OH) C=C CM* CH CH.OH 

(XII) 

j, H, partial w.etyUtioa 

Rp—CH, CH CMe CH(OH) CH CH CMa CH CH,OAc 

(XIII) 

1-H.O 

Rp-CH CH CMa CH CH CH CMe CH CH.OAc 

O Isler and hu collaborators* 4 ha\e recently re¬ 
ported an improvement on the original synthesis, 
using phosphorus oxychloride instead of iodine for 
the final dehydration stage, which gives a 93 to 35 
per cent yield of crystalline vitamin A acetate based 
on p-iononc 


Almost simultaneously with the announcement of 
the synthesu of vitdtbn a methyl ether by O Isler, 
alternative syntheses werepubluhed 41 - 4 ' Methyl-y- 
bromocrotonate XIV was condensed with (J-ionone 
by the Kefonmatsky method and the C S1 acid XV 
was converted into the C„ ketone AV/ 4, ~ 47 


RP-CH CH 


COM# 


Br CH, CH CH CO,Me 

(XIV) 


Rp-CH CH CMa CH CH CH CO,H 

I 

Rp-CH CH CMa CH CH CH COM# 

(XVI) 


D A van Dorp and F J Arens 44 used lithium 
methyl for the latter stage and Sir Ian Heilbron 41 
and hu col la bora ton used cadmium dimethyl The 
former then condensed the C ]g ketone with ethyl 
bromoacetate to give the hydroxy ester, which on 
dehydration and saponification yielded vitamrn a 
acid XVII 
CMa, 

(fH.^C CH CH CM* CH CH CH CM* CH CO,H 

<^H, Li* 

{Xm 

Thu acid when dissolved in vegetable oil was found 
to be only one thirteenth as active as vitamin a, but 
the sodium salt when buffered to />H to was found to 
have biological activity comparable with that of the 
ordinary vitamin 

The C u ketone, for which a new method of syn¬ 
thesis has been described by N A Milas and 
T M Harrington 4 *, has been converted into vita¬ 
min a aldehyde and thence to the alcohol by the 
following scheme 

(XVI) 

R t V—CH CH.CMe CH CH CH CMa(OH) ChC OEt 
I H^Pd 

R'-CH CH CMa CH CH CH CMa(OH) CH-CH OEt 
H3—CH CH CM* CH CH CH CM* CH CHO 

J 

AxtrojAlkd 

FfontUumn A — It appears likely from analogy with 
synthetic work on other biologically active com¬ 
pounds that compounds similar to vitamrn a but of 
simpler constitution may possess biological activity 
Sir Ian Heilbron and hu collaborators 4 * are there¬ 
fore applying the C 14 aldehyde route to the synthesu 
of compounds for the study of the relation between 
chemical constitution and vitamin a activity 

Nomtamm a, m the form of its acetate, has been 
synthesized by condensation of the C a 4 aldehyde with 
pent-a-en-4-yn*i-ol to give the glycol 

RP-CH,. CH CMe CH(OH)GeeC CH CH CH,OH 
which on partial hydrogenation, acetylation, and 
iodine treatment furnished a 05 per cent concentrate 
of norvitamin a acetate XVIII 
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CMe. 

dH. C CH CH CM..CH.CH CH CH CH CH.OAc 

u u 



Thu material was very much less stable than ordinary 
vitamin a acetate and no accurate biological assay 
was possible 

By a similar procedure, the methyl ether of nor- 
vitamin a, formula XVIII with CH.OMe in place 
of CH a OAc, was also synthesized Thu material, 


with methyl Y-bromocrotonate, however, proved 
encouraging 

Attention was therefore directed to the alter¬ 
native approach of condensing ethynylgvfohexene 
with the readily available crotonyhdene-acetone 
XXIII The carbinol thus obtamed XXIV on 
shaking with acids underwent anionotropic change 
to XXV, which on Oppenauer oxidation gave the 
ketone XXVI Thu with ethyl hromoacetate gave 
the acetylenic vitamin a acid analogue XXVII 
which was isolated m two forms, the sodium salt of 
one of which showed weak biological activity of the 
order of o 1 per cent of that of vitamin a 


(XT)+Mt CO(CH—CH),Ms 
{XXU 1 ) 

N: C^C CM* CH CH CHM*- 
11 (XXV) ^ 


\ 


C C=C CMe(OH) CH CH CH CHM* 
(XXIV) 


\ 


C C=C CM* CH CH CH COM* 

(XXVI) 


which was obtained as a 40 per cent concentrate, 
was also very unstable and showed biological activity 
to the extent of about 3 per cent of vitamin a itself 

It therefore appears that the presence of the methyl 
group nearest to the terminal carbinol group of the 
conjugated chain is essential to both stability and 
substantial biological activity 

New synthtsu of vitamin A and vttamtn A analogues — 
A new route m vitamin a synthesis, which departs 
from fi-ionone as starting material and which promises 
considerable success, u also being pursued by Sir Ian 
Hbzlbuon and collaborators** Thu commences 
with the ethenylgwlohexenes, and the initial interest 
arose from desire to synthesize demethylated p-ionones 
for examination of the effect of nuclear methyl 
groups on the biological activity of vitamin a Con¬ 
siderable difficulty was encountered in obtaining 
satisfactory dehydration of ethynyfrycfohexanol 
XIX to give ethynybpcfohexenc XX until 
pyrolysis over aluminium phosphate was investigated 
The Gngnard complex of ethynvbye/ohexene on 
condensation with acetic anhydride yielded the 
acetylenic ketone XXI, which on partial hydro¬ 
genation gave the required fj-ionone analogue 
XX If in poor yield Neither attempt to obtain 
an analogue of the C u aldehyde nor condensation 



CH. 

£h,\ C=C CM* CH CH CH CM* CH CO t H 

in, Ih 

X dH. {XXVII) 

In a similar manner, the acid XXVIII with a 
methyl group less in the conjugated chain was syn¬ 
thesized from ethynylcycfohexcne and sorbaldehyde 
CH. 

at, C C-sC CH CH CH CH.CM. CH CO.H 

in. L 

\ / {XXVIII) 

CH. 

The sodium salt of thu also showed biological ac¬ 
tivity of the order of o 1 per cent of that of vitamin a 

Attention has now been directed to the synthesu 
of the actual analogues of vitamin a alcohol from 
ethynybyc/ohcxene and its methyl derivatives By 
condonation of ethynekyrfohexenc with vmyl- 
crotonyhdeneacetone XXIX, the carbinol XXX 
was obtained, which on shaking with aods under¬ 
went anionotropic change to the required carbinol 
XXXI 

Vitamin a alcohol also showed biological activity 
of the order of * 0 1 per cent of that of vitamin a. 


\ CsC.COM*—* \.CH CH COM* 

B 0 

(XXI) 
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C C=sCH+Me Me 

J io CH:CH CH t CH CH, (XXIX) 


Me I Me 

^C-CsC <i CHjdtl.CHjC cJ 


in ' 


CH, 


(XXX) 


CH, 


1 


<fH,\.CaC CM* CH.CH CH CHt.CH.CH.OH 

L. &. 

W {XXXI) 

CH, 


Considerable interest u Attached to this recent 
work since a similar procedure with a,a,6-tn- 
mcthylethynykydohexene should fiirauh an acety¬ 
lene derivative the partial hydrogenation of which 
would provide a new synthesis of vitamin a itself 


retains the absorption band at 693 mp m the anti¬ 
mony trichloride reaction, but has ultraviolet ab¬ 
sorption mamma identical with thow of ordinary 
anhydro (* cydized *) vitamin a 

Following Urn, P Karrrr and his collaborators” 
drew attention to the comparatively «m!1 shift of 
ultraviolet absorption maximum for the supposed 
additional conjugated double bond in vitamin a. and 
suggested the open-chain formula XXXIII for the 
substance They observed a 65 per cent yield of 
acetone in degradation of a rich fraction of vitamin 
a. with ozone, which was cited in support of this 
formula 


CM*. 

<£h” CH CH CH 

^H, 1m« 

ML 


CfU CH CH CH CM. CH CH.OH 

(XXXIII) 


VITAMIN A, 

It seems suitable to dose this account with the subject 
of vitamin A„ the constitution of which is still a matter 
of doubt Hus second variety of vitamin a occurs 
mainly in freshwater fish, is biologically active, And 
aui apparently replace vitamin a successfully in 
many important body functions of the rat 11 It is 
characterized spectroscopically by maxima at 350 mp 
and 693 mp in the ultraviolet and antimony tri¬ 
chloride reaction respectively The wavelength of 
the ultraviolet absorption band which suggested the 
p r es ence of an additional conjugated double bond in 
vitamin a, m conjunction with an ozonuation ex¬ 
periment on a mixed concentrate of vitamin a and 
vitamin A b first led A £ Guxam it o&i 11 to suggest 
the constitution XXXII for thu substance 

CMa, 

^H,\[CH.CH CM* CH],CH.CH CHgOH 



(XXXII) 

Following this, R. A Morton and R H Or tin ” 
observed that feeding carotene to freshwater fish 
gave rue to considerably increased stores of both 
vitamin a and vitamin A, in the fish concerned 
£ L. Gray and J D Cawley” on the basis of 
experiments on the * molecular ’ distillation of mix¬ 
tures of vitamm a and vitamin a., came to the 
conclusion that the vitamm a. molecule contained 
the same number of carbon atoms as vitamm a. 
About this tune N D Ehbrkx” also report e d the 
very interesting fact that vitamm a„ like vitamm a, 
readiy yields an anhydro (‘ cychzed *) derivative oa 
treatment with alcoholic hydrochloric aod which 


No evidence was, however, obtained of the for¬ 
mation of vitamin a. aldehyde in oxidation of 
lycopene by hydrogen peroxide under the conditions 
used for chemical conversion of p-carotene into vita¬ 
min a” 

Further evidence against the original formula 
XXXII u provided by the formation during 
carotene oxidation by hydrogen peroxide of a higher 
homologue of vitamm a aldehyde, presumably 
P-apo-5-carotenaM, which gave an alcohol furnishing 
an anhydro derivative with ultraviolet absorption 
maxima very close indeed (415, 393 and 330 mp) to 
those of the product of 1 cycloatton * of axerophthy- 
liden e ugpropyl alcohol” 

More recently R A Morton s/o/u” have suggested 
that vitamin a. aldehyde (retinene.) is identical with 
the C M aldehyde originally obtained by E Haworth 
it o/n” by oxidation of vitamin a alcohol with 
alufrumum frrt-butaudc in the presence of diethyl 
ketone for which the formula XXXIV, containing 
an additional conjugated double bond in the p-ionone 
nng, was suggested 

CMa. 

Ih.ctch.ch cm. chccho 

L U 

V (XXXIV) 

Difficulty u encountered, however, in the &ct that die 
alcohol obtained from th» M fay the Foodocff method 
tailed to yield anhydro-vitamm a, on treatment 
with alcoholic hytfaochlonc under the ueual con* 
didoM. P Kamxx * 1 hai now abandoned die open* 
chan formula and submitted evjdence that vitamin A, 
haa the comporftion C„HW0 
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Orthoesters of Silicon , Titanium and Zirconium 

W WARDLAW, CBE, D Sc, FRIC andD C BRADLEY, BSc, AR 1G. 
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One of the richest sources of titanium and zirconium 
u the beach sand of Northern Australia The sands 
consist chiefly of the minerals rutile, llmemte and 
zircon with small amounts of monazite In seeking 
to utilize these extensive deposits the Australian 
Council for Scientific and Industrial Research 1 has 
examined various orthoesters of titanium and dis¬ 
covered promising" results from the use of these esters 
in paints The titanium orihoesters are analogous 
to the well known silicon orthoesters which serve 
many useful purposes in industry In this article 
some account of the fascinating chemistry of the esters 
of silicon and titanium u given and their utilization 
in industry is considered In addition some of the 
recent work on the preparation and properties of 
zirconium orthoesters is outlined As yet these sub¬ 
stances are only of academic interest though it may 
well be that industrial applications will be found for 
them 

f 

ESTERS OP SILICON 

The preparation of silicon tetrachloride by J Ber¬ 
zelius 1 in 1824 enabled A Ebelmen* in 1846 to 
produce ethyl and amyl orthosihcates by the following 
reaction 

&1Q4 + 4C|H a OH - Si(OC,H|) 4 + 4HC1 

C Friedel and J Crafts in the course of estab¬ 
lishing the tetravalency of silicon, repeated Ebelmen’s 
work and in addition discovered several novel 
methods for the preparation of mixed alkyl ortho- 
silicates and alkoxy cblorosilanes 

SiCU+3ROH -SiCl(OR) # +3HCl 
Sia 4 +Si(OR) 4 *2Si(OR) i Cl i 
Si(OR) 4 +CH.COa-Si(OR) 1 a+CH t COOR 
Si(OR) a a+R'OH -Si(OR) ,(OR0+HC1 

In 1B85 J Herthorn* isolated the first aryl 
orthobiheate from phenol &d silicon tetrachloride 

4C.H.OH + SiCl 4 « Si(OC 4 H 4 ) 4 + 4HQ 

The yield of alkyl orthoaihcate from the reaction 
of silicon tetrachloride with an alcohol has been 
steadily improved by the investigations of many 
workers in this field, notably A Deartno and 
E Rezo*, M Kalinin* and by H Post and C H 
HonticHTUt 1 ** 11 


that the boiling points of alkyl orthosiheates are not 
markedly greater than those of the corresponding 
orthocarbonates 

The commercial silicon ester used so widely in 
this country is an ethyl silicate made from silicon 
tetrachloride and industrial methylated spirit In 
addition to tetraethoxysilane (ethyl orthoaihcate) 
Si(OEt) 4 , it contains esters of polysilicic acids, such 
ai (EtO) a Si-0-Si(OEt) a , since moisture 11 present m 
the industrial methylated spint American ethyl 
silicates are recorded to be almost pure Si(OEt) 4 as 
they are made from silicon tetrachloride and absolute 
ethyl alcohol It 11 also possible to produce silicon 
esters by the passage of alcohol vapour over heated 
silicon 1 * 

Silicones are well known in alt laboratories they 
have the general structure 

R R R R 

—o— -ii —o— L —o— b —O— if —o 

A A A A 

R——R 

I 

where R is an alkyl group Depending on the length 
of the polysiloxane chain (OSiR,) n and the amount 
of cross linking between neighbouring chains, they 
may be liquids, resins or highly vucouft greases 
possessing heat stable and water resistant qualities 
In the manufacture of silicones the silicon esters are 
becoming of increasing importance as intermediates 
tor it is evident that by the hydrolysis of the monp 
and dialkylated orthosihcates $ g RtS^OEt)* such 
complex molecules can arise In 1908 it was estab¬ 
lished 11 that the silicon esters could react with the 
Gngnard reagent and now the ethoxyalkyl silanes 
are prepared with great facility by the reaction 
Si(OEt) t + 2RMgI - R,Si(OEt)i + 2Mg(OEt)I 

Industrially this reaction is utilised in a modified 
form If the silicon ester, magnesium and an alkyl 
iodide are brought together under preaure the use 
of the customary volatile solvent such as ether can 
be dispensed with In this way commercially usefril 
intermediates like R5i(OEt}| and R^ifOEt)! may 
be made 


A large number of simple and mixed orthoesten Developments are foreshadowed in the industrial 
have been prepared and examined and their physical use of silicon esters derived from complex alcohols 
properties studied and recorded It is noteworthy These can be made by an interchange reaction 
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between the appropriate a lcohol and a lower alkyl 
orthotiheate To bring about such a reaction, heat 
and a catalyst are generally required The completed 
reaction may be re p resented ai 

Si (OR) 4 + 4 R'OH - 4 ROH + Si(OR 0 4 

In the reaction between a lower alkyl orthosilicate 
and a higher alcohol the replacement is complete 
only if the lower alcohol is removed as it is formed 
If tetraethoxysilane and a higher alcohol are heated 
together an equilibrium is established between the 
possible mixed esters and the two alcohols For 
example, Si(OEt) 4 and ROH will be m equilibrium 
with Si(OEt),(OR)i Si(OEt),(OR)„ Si(OEt)(OR)„ 
Si(OR) 4 and EtOH As far back as 1865 Fnedel 
and Crafts 1 showed that two alkyl orthosilicates 
would interchange alkoxy groups These investi¬ 
gators reported that from Si(OMe) 4 and Si(OEt) 4 
it was possible to prepare Si(OMe),(OEt) B Fhey 
claimed in fact that this was the only product Post 
and Hofinchter 11 in 7940 reexamined this matter 
and found that esters with mixed alkoxy groups 
could be isolated from the reaction mixture in yields 
required by a statistical redistribution of alkoxy 
groups A mixture of ethyl orthosilicate and butyl 
orthosihcate was heated until equilibrium was at¬ 
tained Careful fractionation of the product led to the 
isolation of the following components Si(OEt) 4l 
Si(OEt)a(OR), Si(OEt) i (OR) ti Si(OEt)(OR), and 
Si(OR) 4 lyhere R — C,H # In the hope of preparing 
substances industrially useful, work has been earned 
out on the interchange reactions between ortho- 
silicates and polyhydroxy alcohols tor example 14 , 
esters of high molecular weight were products from 
the reactions of ethyl orthosihcate with glycerol 
monoacetate Other examples which have engaged 
the attention of investigators are, a methyl ortho- 
silicate 19 reacting with glucose in the presence of 
methyl alcohol, b lower alkylorthosihcates 1 *» 19 react¬ 
ing with ethylene glycol, glycerol and certain carbo¬ 
hydrates respectively However, this redistribution 
reaction is not confined to silicon esters and alcohols. 
The early work of Fnedel and Crafts indicated that 
SiQ 4 and Si(OEt) 4 would interchange chlonne and 
ethoxy groups 

In view of the wide interest in fluorine chemistry 
a result obtained m 1946 by D Peppard, W Brown 
and W Johnson 17 is worth recording They estab¬ 
lished that the principal products from the interaction 
of SbF a and SbF, with Si(OEt) 4 were SiF(OEt) s 
and SiF a (OEt)a They showed farther that the Si-F 
link remained intact when the alkoxy fluorosilanes 
underwent alcoholysis With butyl alcohol the 
reaction may be represented as 

Si(OEt)aF + SROH -= Si(OR),F +'SEtOH 


unlike the reaction with alkoxy chlorostlanes 
Si(OEt).a + ROH - Si(OEt),(OR) + HQ 

At this point it is convenient to consider the 
hydrolysis of silicon esters as moat of their industrial 
applications involve their behaviour on hydrolysis 
Over a century ago Ebelmcn 1 studied the reaction 
of ethyl orthouheate with water He concluded that 
Si(OEt) 4 was immiscible with water and reacted 
slowly to yield alcohol and gelatinous silica A simple 
interpretation would be 

Si(OEt) 4 + 4 H.O-+ Si(OH) 4 + 4 EtOH 

Later work, however, has emphasized that the 
hydrolysis of an orthosihcate is a complicated process 
The hydrolysis reactions are governed by the ten¬ 
dency of silicon compounds with the Si-O-R linkage 
to condense and form polymers characterized by 
the S1-O-S1 repeating unit In the simplest case 
Fnedel and Crafts isolated hexaethoxydisiloxane 
(EtO)tSi- 0 -Si(OEt) a as one of the products from 
the reaction of moist alcohol with silicon tetra¬ 
chloride The hydrolytic reaction is 

2Si(OEt) 4+H.O - (LtO).Si-O-Si(OEt),+ 2EtOH 

In 19^9 E Konrad, O Baghle and R Sionbr 1 * 
prepared various methoxy polysiloxanes by treating 
methyl orthosihcate with moist methyl alcohol By 
careful fractionation of the product which remained 
after the distillation of unchanged methyl alcohol 
and methyl orthosihcate, the investigators obtained 
oils with high boiling points and high molecular 
weights which proved to be polysiloxanes About 
the same time G Kino 19 published his well known 
investigations on the hydrolysis of alkyl ortho- 
silicates in which he emphasized that the setting of 
silicon ester films depends upon continued hydrolysis 
which m thr limit leach to the formation of a coating 
of pure silica 

The early attempts to use ethyl orthosihcate as a 
stone preservative were unsuccessful owing to the 
formation of a granular silica However, King dis¬ 
covered that a solution of the orthosihcate in moist 
alcohol would penetrate the porous surface of 
decaying stone and then slowly hydrolyse, thus 
bonding the disintegrating particles of stone with 
silica Thu medium has subsequently been used with 
great success as a preservative for valuable stonework 
which had suffered by weathering Another develop¬ 
ment was a silicon ester paint suitable for covering 
stonework, concrete, asbestos $tc Various inorganic 
oxides were incorporated to give special colours 
More recently ethyl orthotiheate has been used as 
a mould binder for precision casting of alloys and 
also for making synthetic rrfractones which are 
porous, add resisting, hard and thermally stable. 
The lower alkyl orthosilicates are readily distilled 
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and hence freed from ionic impurities They serve 
therefore as a convenient eourcc of the very pure 
silica which is required for making fluorescent 
powders Certain aryl orthoailicates such as the 
o-creayl ester are being tested as heat transfer media 
operating at very high temperatures Research into 
the preparation and properties of silicon esters is 
being actively pursued and there u every hope that 
further uses will be found for these substances 

TlTANIUll ESTERS 

Although silicon and titanium are members of the 
same family of chemical elements they show marked 
differences in their own reactions and the reactions 
of their compounds For example, titanium com¬ 
pounds do not exhibit the degree of complexity 
characteristic of the silirates It is not unexpected, 
therefore, that differences are noted in the properties 
of the respective silicon and titanium esters 

It will be recalled that the reaction between silicon 
tetrachloride and alcohol proceeds to completion in 
accordance with the following equation 

S1CI4 + 4 EtOH - Si(OEt)i + 4 HG1 

Titanium tetrachloride, on the other hand, 
is converted under the same conditions to 
Ti(OEt) 1 Cl t EtOH which is stable even on pro¬ 
longed boiling with alcohol In fact it has been 
shown 19 that titanium tetrachloride reacts with 
methyl, ethyl, uopropyl and uobutyl alcohols 
according to the general scheme 

T1Q4 + 8 ROH - Ti(OR),Cl, ROH + 2 HQ 

Only by further treatment with sodium ethylate 
NaOEt can the Ti(OEt) a Cl t be converted into 
titanium tetraethylate (ethyl orthotitanate)"’ 91 The 
methyl orthoester 11 a solid and the ethyl and other 
esters are liquids Attempts to find uses for these 
esters have not been lacking, but it is only recently 
that promising results have been obtained In the 
course of some investigations with the object of 
Ending uses for the beach sands found on the north¬ 
eastern coast of Australia, various esters of titanium 
were prepared and butyl orthotitanate appeared to 
have interesting posubdities in heat resisting paints 1 
Paints prepared by simple pigmentation of butyl 
orthotitanate Uherad satnfhctonly to glaa but on 
tinplate or steel store powdery and readily removable. 
However, a paint of exceptional properties was made 
from aluminium flake, butyl orthotitanate and a 
glyptal rain Films of a paint of this kind withstood 
a temperature of 6oo°C for a prolonged period and 
large scale tnals indicated that as a protective coating 
for steel under high temperature conditions butyl 
orthotitanate paints were superior to theconventaocud 
heat resisting paints. Ex per imen ts showed that when 


butyl orthotitanate is heated it liberates butyl alcohol 
slowly Thereby it increases in visconty until it 
becomes a thermoplastic solid and finally an in¬ 
soluble material It 11 thought that interesting surface 
coatings might be made from this condensed ester 
The preparation of the butyl orthoester 1 involves a 
reaction between butyl alcohol and titanium tetra¬ 
chloride m the presence of anhydrous ammonia To 
minimize the formation of viscous products and to 
ensure a sufficient concentration of ammonia for the 
chemical reaction, the reaction mixture 11 cooled to 
approximately io°C 

T1CI4 + 4 ROH + 4NH. - Ti(OR) 4 + 4 NH 4 C1 

The chief use for titanium esters appean to be in 
the production of exceptionally heat resistant paint 
but other developments, for example as waterproofing 
agents, are expected to become increasingly important 
m the near future 

ZIRCONIUM ESTERS 

The chemistry of zirconium and its compounds is 
receiving much attention at the present time In 
particular, interest has focused on zirconium metal 
which has neutron-absorbing properties and 10 is 
included in atomic energy programmes Although 
zirconium shows important relationships to both 
silicon and titanium it is distinctive in being capable 
of a covalency of eight The maximum covalency 
exhibited by silicon and titanium is six The high 
covalency of zirconium is reflected in the range and 
complexity of its compounds 

The first mention of the preparation of zirconium 
orthoesters appears in a communication by H Mebr- 
wein and T Reran 19 m 1909 They treated an 
alcoholic solution of zirconium tetrachloride with 
sodmm ethylate and after filtering the precipitated 
sodium chloride found that a crystalline substance 
separated from the filtrate Thu substance was re- 
crystallised from xylene and was given the formula 
NaH[Zr(OEt)J The reaction may be written 
ZrC3« + 4 NaOEt - Zr(OEt) 4 + 4 NaCl 

Zr(OEt) 4 + NaOEt + EtOH - NaH[Zr(OEt) J 

To obtam the simple orthoester Meerwem and Bran 
added the requisite amount of alcoholic hydrogen 
chloride to the complex salt and obtained the ethyl 
orthoester Zr(OEt) 4 as a solid By using methyl 
alcohol in these reactions the cor r esponding methyl 
derivatives were obtained by the in ve stig ators In a 
later paper Meerwem" suggested that the zirconium 
ester could fraction as an efficient catalyst for the 
Meerwetn-Ponndorf-Verley reduction of ketones and 
aldehydes to alf ft h ot f 

Recently H Fume and E Rooua'* retaveetl- 
gated the reaction between nroonniA tetra> 
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ch lo n dc and phe n o l and obtained the compound! 
Zr(OC t H,)^3 G a H l OHandZr(OG a Hi)i C*H/)H 
as reaction products 

We have been engaged in studying the zirconium 
esters and have obtained a number of interesting 
results. The esters of certain alcohols have been 
isolated by treating a solution of zirconium tetra¬ 
chloride in the a lc ohol ROH with anhydrous am¬ 
monia. By carefully removing the ammonium 
chlondc and excess alcohol the orthocsters were 
obtained. We have also established that the treat¬ 
ment of a given zirconium orthoester with another 
alcohol will form a different orthocster by ester 
interchange. 

The reaction between zirconium tetrachloride and 
ethyl alcohol gives a mixture of two chloroethoxy 
zirconium derivatives, Zr(OEt)d, EtOH and 
Zr(OEt),a t EtOH 

So far the work has been essentially of academic 
interest but it is highly probable that forther research 
in both the pure and applied fields will yield results 
of theoretical and practical importance 
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Thb Printing, Packaging and Allied Trades Research three headings—Information, Advisory Service and, 
Asrociation (PATRA) is one of the industrial re- Research 
search aaoaabons operating under the aegis of the 
Department of Scientific and Industrial Research 

It started (as The Printing Industry Research Associ- information 

itna) in a nail way in 1931 a* an Intonation PATRA maintain* a comprehensive library covering 
Bureau and set up laboratories of its own in 1936 the technical aspects of printing and p"*fc»g»*g and 
Hwr, m the Qty of London, were destroyed by fire the relevant scienco The intonation in the ton 
inanaii-raidin 1941, and it was not until 1948 that of boob, periodical., pamphlet*, reports, catalogues, 
the new laboratory* at Leatherhead in Surrey were p.^ specification* * may be borrowed by mere, 
completed; there occupy too* 25,000 »q ft of .pace ^ The itaff of the ltouy prepare each month 
devoted to icientifie laboratories, printing and paek* ty. w*,.' rnulimt Aitln tU Pachmt 

•W hbrary and officre In 1943 the Td?rfprto« «dpS 

recipe oC the AssoctaUoa’s work wa* extended to respectively. Thfe technical intonation 

include vlrork on packaging flawing into the library a card indexed, and from 

In both tbe Printing and Packaging Divisions the this source fcvfcwi of the hterature on a wide range 
acbvide* of the Aaoaation can be grouped under of subjects can readily be undertaken. 

465 



Research 3-10 o l riddrll Printing, Packaging and Allied Trades Research Association 


ADVISORY SERVICE 

In addition to receiving help from the library, 
members consult PATRA on their own individual 
printing and packaging problems Each year some 
1,200 of these inquiries are dealt with, varying in 
complexity from an item which can be readily 
answered from existing information to an item which 
calls for several weeks' laboratory investigation For 
the latter special inquiry laboratories have been set 
up—one for printing and one for packaging—so 
that the day-to-day inquiries shall not curtail the 
longer-ranged research, although, of course, the 
research staff are always available to give specialist 
advice when neccaary 

PATRA also maintains a package testing labora¬ 
tory in which packages can be tested for their 
suitability for transporting goods of various kinds 

RESEARCH 

The research programme, which includes some 
twenty six items, is decided by the Research Com¬ 
mittee on the advice of the industry given through 
a Printing Advisory Panel and a Packaging Advisory 
Panel, and on the advice of the senior scientific staff 
of the Association An attempt is made to preserve 
a balance between 1 scientific 1 items and 1 technical * 
items, and between short term research which can 
be expected to give results of practical value m a 
reasonably short time and long term research which 
provides the 1 background * information on the under¬ 
lying principles of the printing and packaging 
processes and from which the major improvements 
are most likely to spring 

It is obviously not possible in this article to review 
the whole research programme, but the following 
brief account of the work of some departments may 
suffice to illustrate the land of work which is done m 
the laboratories 


FRINTINO INKS 

In the letterpress and lithographic printing processes 
the ink is led from a reservoir to the printing surfhee 
by a senes of rollers These rollers serve to break 
down the structure of the ink and distnbute it 
uniformly over the printing surface The efficiency 
of this operation depends on the distnbution system 
and the characteristics of the ink, and both aspects of 
this problem are being studied 

The construction of the distnbuting system is such 
that mathematical estimates of the conditions between 
the rollers are virtually impossible, and an empincal 
study of the system is planned using a suitable 
combination of rollers The apparatus designed for 
this work is still under construction, but some pre¬ 
liminary experiments made on a standard printing 
machine to which a specially constructed measuring 
unit was attached have confirmed the complexity of 
the problem 

To establish the behaviour of printing ink under 
printing conditions 11 the aim of fundamental work 
on the rheology of polyphase systems using a rotation 
viscometer, Ftgurt 1 Apart from the efforts of G F 
Goodeve 1 , and H Green*, little attempt has been 
made to analyse the results of rheological experiments 
on printing inks and allied materials in a form which 
can be of direct help in ink formulation In both 
these analyses the effect of tune has been minimised , 
m the fint instance by using equilibrium conditions, 
and m the second by operating at constant time 
Such theories are of limited value when the material 
is taken from its rest condition and used immediately 
it has passed through the distribution system, 
especially when the efficiency of that system is 
unknown Early work on suspensions of carbon black 
in mineral oils indicated that Goodevc’s theory is not 
adequate for concentrated suspensions (about ten 
per cent and over by weight), and the present work 
involves a detailed study of the effects of rate of 
shear and time on the condition of the material 



Most of the experimental work is done with a 
concentric cylinder rotation viscometer, but because 
the capillary tube viscometer is still used by some 
operators a senes of experiments was made to 
compart the two instruments Dilute suspensions of 
carbon black in oil were used (five pier cent and 
under), and over comparable rates of shear the 
agreement between the two methods was satisfactory 

An additional result of these experiments was that 
the suspensions showed anomalous effects even with 
this low concentration Furthermore, the viscosity/ 
concentration relationship was already more complex 
than that required by Einstein’s equation and re¬ 
quired the addition of a quadratic term. With 
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highly concentrated suspensions the viscosity is pro¬ 
portional to a higher power of the concentration } 

With the rotation instrument more concentrated 
suspensions are now being used, and a systematic 
study of the change m consistency with rate of shear, 
time of shear and of rest has begun 

Other work in progress on printing inks is con¬ 
cerned with the drying characteristics In the drying 
of a printing ink on paper there are two stages—the 
initial ' setting * of the ink so that the ink will not 
transfer to another surface under light pressure, and 
the ultimate hard drying to a rub-proof film It is 
the initial setting which interests the printer most, 
since this controls the amount of * set-off * which 
occun A study is being made of the factors con¬ 
trolling the initial setting of inks by regarding the 
problem as one of filtration—the varnish bang 
filtered out from the ink by the capillarity of the 
paper Since short intervals of time are involved it 
is necessary to apply electronic techniques to follow 
the passage of the varnish into the paper Shorter 
terra problems such as the effect of lithographic 
damping solutions and the acidity of the paper on 
the drying rate of inks are also being investigated 

THE OPTICS DEPARTMENT 

Gloss rwasrnment —A number of uncoated papers 
have now been examined, ranging from almost 
complete mat to gloss high enough to give fair 
mirror images and of luminance factor varying from 
35 to 85 per cent These papers have been graded 
in order by some 180 trade observers and measured 
on the PATRA-Hilger Gomophotometer 1 The 
resulting grading is expressed sufficiently well for 
most practical purposes by the empirical relation 

G ** iS(a -f* 1 /L) 

where G » gloss measured on an arbitrary psycho¬ 
logical scale, S = intensity oflight specularly reflected 
at 45 Adi constant and L — luminance factor of 
paper 

Visual grading of some of the papers depends to 
a marked extent on the conditions of observation, 
and with glossy papers the production of clear mirror 
images is an important factor a free ting judgement 
The surface smoothness and texture of the papers is 
also taken into account by some of the observers 
The Sheen glotsmeter gives results which are 
sufficiently close to the visual grading to make this 
instrument suitable for works control 

Opacify —Arrangements have been made with 
Messrs Evans Electmelemum Ltd for the com¬ 
mercial production of an inexpensive photometer 
head suitable for routine measurement! of opacity of 



Ftgwn 2 Daylight exposure from 


printing papers This embodies (as far as practicable 
in a simplified apparatus) the recommendations 
made previously and realized in the Hilger-PATRA 
Opacimeler 4 The new instrument is less accurate 
than the standard opacuneter but is sufficiently 
sensitive and robust for most works purposes 

Colour —A Hilger Uvupek Spectrophotometer is 
now in operation for the accurate standardization of 
colours of opaque and transparent materials The 
light transmitting characteristics of a number of 
packaging materials have been investigated, and a 
colour measuring service for the printing and paper 
industries is being set up 

At the instigation of PATRA two forms of 
• abridged spectrophotometer' suitable for general 
works use have been placed on the market One u 
made by Sheen Instruments Ltd and the other by 
Evans EIcctroscienium Ltd Both give approximate 
spcctrophotomctnc data sufficiently good for works 
purposes, though not, of course, for absolute 
standardization • 

Fading —A daylight exposure frame constructed 
on an equatorial mounting, Figtcn *, so as to make 
the best use of the available sunlight has been 
installed, and the intensity of the light foiling on the 
samples is automatically recorded by a photocell 
connected to a recording potentiometer Simul¬ 
taneous exposures are being made to the light of a 
carbpn arc fogitometer The amount of fading is 
measured spectrophotometncally, and m this way 
experimental data are being collected concerning 
the efficiencies of so-called 1 accelerated fading tests 1 

Tons rtphdwtom —A start has been made in the 
study of tone reproduction fay half-tone photo- 
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m e ch a n i c a l pw cc aa. The relative merits of wet and 
dry plates for proccv work have been examined 
and the theory of the formation of the scre en linage 
a being investigated 

THE APPLICATION OP CONTACT ANOLE 
DETERMINATIONS TO LITHOGRAPHIC STUDIES 

The succesful operation of lithography depends on 
the production and maintenance of surfaces which 
are either oil wetted (and water repellent) or water 
wetted (and oil repellent) The printing plate is 
substantially planographic and is subjected during 
printing, first to rollers impregnated with an 
aqueous solution which maintains the non-pnntmg 
areas in an ink repellent or 1 desensitised ' condition, 
and then to inking rollers charged with an oil-based 
ink which is accepted by the ml-wettahle printing 
areas and rejected by the desensitized areas 

Mott normally prepared metal surfaces are readily 
wetted by oils, and the mam problem in lithography 
is to maintain the aon-prmting areas in an oil- 
repellent state To this end the plates used (usually 
zinc or aluminium) are slightly roughened or grained, 
and the damping solutions contain small proportions 
of desensitizing agents such as gum arabic 

In order to understand the mechanism of desensi- 
tization it is necessary to have a quantitative measure 
of oil/watet wettability, and a contact angle tech¬ 
nique has been adopted « The apparatus used is 
basically that described by G Macdouoaix and C 
Ockrent* A metal plate 4 x a cm is immersed 
horizontally in the aqueous solution con tamed in a 
glass cell At the appropriate moment a drop of oil 
is released underneath the plate and it rises to the 
metal surface The profile of the drop is projected 
on to a screen and the contact angle between the 
oil/water and the water/metal interfaces u measured 
Using prepared lithographic aurfhees it » found that 
the printing areas give angles of the order 150° (1 # 
the drop spreads considerably) The non-pnnting 
areas give angles approaching o°—the drop in some 
cases refusing to form an interface with the metal. 

The technique enables a ifcidy to be made of many 
of the variables involved Ife lithographic printing 
such as nature of the metal, surface roughness, nature 
of the oil and its free fatty acid content, and the effect 
of desenntizer* on the production of otl-repellency 
It should perhaps \>e emphasized that reproduceable 
results are only obtained as a result of extreme con¬ 
sistency in preparing the solutions and the metal 
surfaces Furthermore, unce surface corrosion is 
undoubtedly taking place between the relatively 
reactive metals used and both the oil and the aqueous 
phases, conditions are not thermodynamically 



reversible and the contact angle values may only 
be used indicauvely 

The accompanying graph, Ftgun 5, shows the rate 
at which a polished aluminium surface becomes 
desensitized when immersed in a dilute gum arabic 
solution The tune scale refers to the period of 
immersion of the plate in solution before application 
of the oil drop Owing to the great dilution at which 
measurable rates of contact angle change are ob¬ 
tained, diffusion effects must be taken into account 
when assessing the results , but by experiments of 
this nature a measure of the effectiveness of a 
solution as a desensitizer can be obtained Many 
substances have bedn investigated and in general 
those of practical use are all hydrophilic colloids, the 
effectiveness depending considerably on the presence 
of certain structures such as the carboxyl group 
Thus sodium polyacrylate, carboocymethylcdUulose, 
•odium alginate, gum arabic, oxidized starch and 
methyl cellulose are all very effective bextnn and 
polyvinyl alcohol have a slight effect, whilst poly¬ 
ethylene glycol is quite ineffective 


BIOLOGY 

PATRA Is concerned with the attack of books and 
packages by micfofungi and insects, and to this end 
maintains a biology department 

Books may be damaged by moulds in various ways 
the pages may slowly become stained (foxing), or the 
binding may suddenly show signs of 4 mildew *—as 
is the case in the tropics and other humid chnaates— 
or extensive growth may occur on the binding when 
new because of incomplete drying af^er.binding or 
very bad storage con ditions 

• 

At the beguinmg of this work, as damaged books 
arrived at the laboratory isolates of the moulds 
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present were made Figurt 4 gives the frequency of 
occurrence of the species found Mycotypha rmcrospcrti 
Fenner, was found for the first time m Britain, 
having been reported only once previously in 
America 


THE RESEARCH OF THE PAGEAOINO DIVISION 

The research work of PATRA v s Packaging Division 
is mainly in the fields of permeability, mechanical 
strength, and mycology and entomology 


The materials used in binding, such as starch 
paste, animal glue and starch-filled bookcloth, were 
obviously encouraging growth, as most of the species 
found were not cellulose destroyers able to grow on 
paper alone The search for materials which would 
not provide the necessary food requirements for 
moulds and insects led to work on synthetic adhesives 
and bookcloths As it seemed unlikely that synthetic 
materials would come into use at all rapidly, mould 
inhibitors had to be fopnd that could be included in 
the materials m use Many inhibitors were tested, 
using those species of fungi which had been found 
most frequently on bindings In the course of this 
work various morphological effects of the inhibitors 
on germination were observed A note on the 
formation of giant cells from the spores of Aspergillus 
mgsr in the presence of sodium pentachlorphenate 
has appeared previously m this journal* 



90 - 
75 - 
70 - 
65 ’ 
GO- 
56 - 
60 - 
«5* 


The same principle of excluding suit¬ 
able food materials from the binding 
applies to the control of insect pests, 
especially where cockroaches, psocids, 
thysanura and moths are concerned A 
considerable amount of damage 1% how¬ 
ever, done by termites and Anobud 
beetles of the genera Caiorama and Dor - 
catoma Tests on the larvae of the 
Anobuds to determine if they are 
dependent on materials other than paper 
are being undertaken at present The 
problem of termite control has been 
considered as beyond the scope of this 
piece of research, as wider issues than 
bookbinding methods are involved 



The permeability work is concerned with the 
ingress and eg r es s of gases and liquids which will 
affect the properties of the packaged goods Typical 
examples of the industrial application of this work 
are the prevention of the drying out of tobacco, 
the corrosion of metal parts and the tainting of 
foods by extraneous odours, also the prevention 
of the 1 tauung of packages by the penetration of 
water, oil and grease 

In this field the most important aspect u the 
control of the penetration of water vapour through 
a package PATRA has developed a standard 
method 7 for measuring the permeability of barrier 
materials at normal and tropical conditions down to 
values of 1 gm per square metre per 34 hours At 
present a technique for materials of lower perme¬ 
ability is being developed, and this will be applicable 
to storage conditions used in the quick frozen food 
industries Work has also been completed on am 
experimental survey of methods of assessing the 
1 shelf life ’ of (lacked goods Thu involves a know¬ 
ledge of the storage conditions, permeability of the 
package and the permissible change in the relevant 
property of the commodity 

The strength-of-contamers research is directed to 
finding the most efficient manner of packaging to 
retain the goods satisfactorily and protect them from 
damage due to mechanical shock in transit and 
storage Economic considerations arc important in 
the design of packages any increase in packaging 
costs must normally be offset by the saving in 
damaged goods due to allowance being made for the 
increased goodwill where the products arc con¬ 
sistently delivered in an undamaged condition It u 
therefore of little use developing theoretically perfect 
packages of which the cost u uneconomical 

This research is being earned out in three stages 

/ the study of normal and accidental transport 
hazards and the nature and extent of damage 
experienced under present transport conditions 

9 the reproduction of these hazards where pooible 
in the laboratory and a study of the maximum 
forces to which typical commodities may be" sub¬ 
jected without damage 

5 a study End correlation of the strength of a con¬ 
tainer with the mechanical properties of the 
materials 'from which it s constructed and die 
design of the outer case and the internal cushioning. 
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Miscellaneous Nttes 


The Gist stage of the work it now being conducted 
as a field survey of road and rad transport con* 
dlttoni The types of haiard include drops, punc¬ 
tures, sucking loads, shunting shocks and vibrations, 
and vary considerably with such factors as the means 
of transport, the weight and dimensions of the 
container and the route 

As it is not normally possible to isolate individual 
factors, statistical methods are being employed in the 
analysis of the results obtained by personal obser¬ 
vation, users' damage reports and trial shipments 
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Miscellaneous Notes 


NATIONAL RESEARCH COUNCIL, CANADA 

Rrsbarch equipment, called the Collins Helium 
Cryostat, has been installed for producing tem¬ 
peratures within a few degrees of absolute zero 
The low temperature is produced by the liquefaction 
of helium and is approximately 456 degrees below 
zero on the Fahrenheit scale, only 4 degrees above 
absolute zero The new equipment provides a 
readily available source of very low temperatures 
for the study of chemical and physical reactions 
At room temperatures random thermal agitation 
often masks the subtle effects being investigated, but 
at these low temperatures thermal agitation is to a 
great extent eliminated 

The binary tube — A special type of vacuum tube 
has been developed to perform the same mathematical 
operations that previously required about twenty 
five conventional vacuum tubes The new tube 
was invented by J Katz at the Umvemty of Toronto 
Computing Centre The design was further developed 
and the first prototype constructed in the tube 
laboratory of the NRC Division of Radio and 
Electrical Engineering in Ottawa It is expected 
that uso of ffaft new tube will reduce the cost of the 
electronic ccSBttfa n in which it is used, and increase 
their speed aim reliability 

Dtmston tf Applied Biology — Nucleo proteins are 
the lubject of a fundamental study carried out by the 
tnohgical macromolecules section As research of 
this type aims at casting light on the chemical bans 
of inheritance, it must eventually be tied in with the 
findings of rlssrfral genetics Nemaepera was chorea 
as the source material because the genetics of this 
organism have been well worked out and many 
mutant strains are available 


CHEMICAL RESEARCH LABORATORY 

A survey of lakes in Libya has recently been under¬ 
taken in connection with research into methods of 
sulphur production There desert lakes are full of 
micro-organisms known as sulphate reducing bacteria 
which reduce sulphates to sulphides Sulphur can 
be produced from hydrogen sulphide by simple 
aeration The rate of production of sulphide is low 
and to make the process economically feasible it is 
necessary to speed up the reduction of sulphates to 
about ten times its normal rate The research has 
this object in view 

Three methods of research will be used Strains 
of bacteria from various parts of the world will be 
examined for their speed of reduction, the influence 
of different environments will be investigated and 
methods of obtaining possible quick reducing strains 
by artificial means will be explored From the 
results of this work it is possible that an industrial 
process may be worked out which can be developed 
on a commercial scale 

The sulphate reducing bacteria were originally 
studied in detail in this country because of their 
corrosive action on buried pipes It is a good 
example of the unexpectedness of research that from 
this apparently unrelated work may spring an industry 
which will save Great Britain many thousands of 
dollars and might even, in tune, make the country 
independent of outside supplies 

It may be potftble to develop an Industrial pr o ces s 
bas ed on wfcat takes place in the lakes. One small 
lake contains about half a million gallons and pro¬ 
duces about 100 tons of sulphur a year Them^or 
part of the research to be carried out must be con¬ 
centrated on speeding up this process to an economical 
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level, probably about ten tunes its present rate It 
might also be possible to exploit natural waters and 
in thu case the time factor would not be 10 important 
Sewage is an excellent medium for sulphate reducers 
and it might be pooible to contaminate in 
desert areas to facilitate large scale production of 
sulphur Thu is, of course, a highly speculative idea, 
but it could be tested easily enough 

At present the samples brought back from the 
desert are being examined and different types of 
organism isolated When pure cultures of the sulphate 
reducing bacteria and of the sulphide 0x1 dicing 
orga ni s m s are obtained it will be possible to examine 
their properties and to make experiments on the 
production of sulphur in various conditions, in 
different media and to use solid surfaces such as 


asbestos and coke to see what effect they have on 
speeding up the process It may also be possible to 
develop artificially highly active strains of bacteria 

CORRECTION 

In the last paragraph of the paper ending on p 988 
' nitrogen dioxide ' should be read for 4 mtnc oxide * 

COMING EVENTS 

Exhibition qf Laboratory Apparatus and Industrial Con¬ 
trollers , Matson de la Ghimie, Paris, 18-04 November 

International Colloquium on Calculating Machines and 
Human Thought, Centre National de la Recherche 
Scientifique, Pans, 8-13 January 1951 


Mew Books 


Wild Animals in Captivity 

H HEDIOER 

Translated from the German by o tmeou 
(uc +soypp, 3/ tllus, 6tables, glut by 6in) 
London Buttcrworths Scientific Publications, 1950 35J 
In Wild Animals in Captivity , Dr H Hedioer, Director 
of the Zoological Gardens at Basle, seeks to show 
that animals in a eoo are better off than those 
outside—and that they do not lack even freedom. 
There will be many who will disagree with him, 
though he does put forward a very strong case— 
perhaps, he inclined to overstate it—for agreeing 
that, under the beat conditions, captive animals do 
not suffer unduly The operative clause is, of course, 
4 under the best conditions* To accept his thesis 
we must also forget about the method of capture and 
transport before being installed in their new homes 

Having cleared the ground, even the most senti¬ 
mentally inclined reader can settle down to enjoy 
an extensive and reasoned summary of animal 
behaviour m the wild andin the zoo, beginning with 
a discussion of territorial needs and social patterns 
and leading on to relate these to the best treatment 
under conditions of captivity It n, of course, 
becoming increasingly apparent that our conception 
of wild animals being free to wander at will is wholly 
wrong , they are tied by routine, habit and territorial 
instinct, to a comparatively re s tr ic ted space even in 
the wild The data Dr Hediger has brought together 
on this fomt alone make the book worthy of close 
study, even though ifi author does to$ often state 
the obvious or give complicated explanations of 
simple foett. 


In order to arrive at hu conclusions regarding the 
best methods of confining ani mals in zoos. Dr Hediger 
analyses the conditions governing life in the wild, 
their territorial and sociological requirements, then* 
feeding and breeding problems The effect of hu 
analysis u likely to be twofold , to reassure to some 
degree those that are over-sensitive or over-senti- 
mental about animals m captivity, and to correct 
the behaviour, and the attitude, of those who, 
through ignorance or a natural lack of consideration, 
are not sensitive enough Apart from the matter 
concerned purely with animals in captivity, the book 
is lull of interesting details on animal behaviour as a 
whole There is a serious drawback to the book, 
however, that quite often the first part of the story 
is given and the reader is referred to scientific 
journals (not easily accessible to everybody) for the 
rest of it, and sometimes the reader is referred to 
another page for further details, only to find the 
details are not on that page 

M Burton 

A General Kinetic Theory of Liquids 
u born and R s green 
(pu-f gBpp, join by 6\m) 

Cambridge University Press, 1949 lor 6rf net 
One of the outstanding achievements in physics 
since the end of the war has been the publication 
by Profeaur Born and Dr Green of a senes of papers 
in which they present a kinetic theory of liquids In 
the prefect to thn book they explain that the 
for repnnts at these papers was 10 great that they 
were unable to meet It Accordingly, they obtained 
the permiskm of Council of the Royal Society to 
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New Books 


republish this group of papers in book form. The 
book under review consists of five papers on the 
kinetic theory of liquids and one on the kinetic bans 
of thermodynamics These are reprinted in the form 
in which they were originally published over the past 
four years together with a short appendix of four 
pages which contains additional notes and corrections 

In these papers the authors present a very general 
outline of a kinetic theory of condensed matter but 
little is done to apply the ideas which are developed 
to particular systems Much also remains to be done 
in developing the theory of quantum liquids, and of 
the very elementary phenomenon of melting, along 
these lines This is work for the ftiture , and when 
it has been completed and the results applied to 
examine particular condensed systems we shall be m 
a better position to form a considered judgement of 
the present contribution At this stage it must be 
regarded rather as an introduction to a new kinetic 
approach to the theory of condensed matter—an in¬ 
troduction which has properly aroused the interest 
and animated discussion of mathematical physicists 

The bans of the theory is to define a set of dis¬ 
tribution functions corresponding to collisions of any 
order Thr equations of continuity are derived and, 
fay introducing the equations of motion, a set of 
relations is determined from which the distribution 
functions can be calculated This theory is then 
applied to examine the general equilibrium and 
dynamical properties of liquids It is to be noted 
that these fundamental equations are formulated both 
in terms of cl a ss i ca l and quantum mechanics 

The theory of a quantum liquid is developed and 
it is found that even in equilibrium the 4 kinetic * 
pressure differs from the thermodynamic pressure 
This leads to a 4 duality* of the thermodynamic 
functions For instance, it is found that flowing 
helium behaves as though its internal energy were 
not U but U — n/n where xu the difference between 
the kinetic and thermodynamic pressures and n is the 
molecular density It is claimed that the main 
properties of liqu)^ helium II follow from the con¬ 
sideration of thcnnaTprocesses on this basis It must 
be remarked that this is an attractive foundation for 
a theory of liquid helium II, from the consideration 
that here we have to deal with a macroscopic quantum 
system It has the fiirther advantage that it is not 
a 1 two fluid * theory—a device which always appears 
to be somewhat artificial 

However, the distinction which the authors draw 
bet w e en kinetic and thermodynamic pressure—nay 
its very existence—has been criticized by P rofc wo r 
in Boer It * disappointing that the authors did not 
expand their additional notes sufficiently to include 


a consideration of there criticisms and their reply to 
t * wm A. R. Millar 

[Iiiicnoted reader* might refer to * Kinetic Theory of flnwton s fd 
Matter \ a review written by Proft—nt Boon u Rmmk i (1948) >03 
—Ed] 

Gmelin’s handbuch der Anorganuchen 
Cherme 

Eighth idum Edited hy E H B WETBGH 
No 10 Selenium, Part As (993-414 pp, 103 Ulus) 
No 26 Calcium, Part Ai (s-68pp) 

No 62 Gold, Part Ai ( 1-100pp , all so in hy 71a) 

Chunthal-Zellerfeld Gmelin Verlag GmbH, 1950 
DM 08 00, 15 50 and 32 90 respectively 

Volume No 10 of Gmelin covers in detail the 
whole field of the electrical and photoelec tncal 
properties of selenium The section on electrical 
properties is short (7 pp) and the remainder of the 
book is devoted to the photoelectric effort in selenium 
The factors whuh influence this are dealt with 
systematically and a very complete bibliography is 
given which includes the patent literature on the 
subject There is also a full account of the technical 
aspects of selenium photocell production and 
operation It can safely be said that so complete a 
review erf the subject has not hitherto been published 
and the book should be of the utmost value both to 
academic workers and to those m industry who make 
and use photoelectric cells of this type 

These volumes Nos 28 and 62 represent the first 
to appear dealing with calcium and gold, and both 
are devoted to a historical review of the chemistry 
of the elements and their compounds The staff of 
the Gmelin Institute includes experts in this par¬ 
ticular field and they have done their work well 
Interest in the history of chemistry is not particularly 
wide, but the many users of Gmelin have at least 
the consolation that additional volumes on these 
elements may be expected to appear shortly There 
are indeed most encouraging signs that work an the 
Handbook 11 now progressing rapidly, and that the 
present edition will be completed before many years 

H J EmxzIub 

Technique of Organic Chemistry, Vol II 
Catalytic, Photochemical and Electrolytic Reactions 
Edited by a wxmsROKR 
(w+wpft dtus, 9 w by 6ui) 

New York Interference Publishers, Inc , 1949 $5 00 

London latersaence Pubhshers, Ltd, 1949 40s 

The preren t work is issued as Volume II of a sera, 
and it a therefore unfortunate that Volume I 
appeared in two parts, designated rapectivdjr as 
* Volume I v and f Volume ir 
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This book is really three books in one The first 
section deals with catalytic reactions m batch and 
flow systems It » strange that 10 little mention is 
made of catalytic reduction procedures at atmospheric 
pressure in batch systems—probably the commonest 
of all catalytic laboratory processes Considerable 
attention is given, however, to catalysis in continuous 
flow systems under various conditions of temperature 
and pressure, which generally necemtate the use of 
special equipment not often available in chemical 
laboratories. The drawings of such special equipment 
are very well done and of good style, but they are 
sometimes reproduced on too small a scale for the 
details to be completely clear 

The second section of the bode deals with photo¬ 
chemical reactions Because photochemistry has 
at present little synthetic application, attention is 
concentrated on the nature of photochemical 
processes—a topic probably not well known to 
chemists engaged m synthesis, but which must be 
appreciated if the use of photochemistry is to be 
extended successfully m the synthetic field, both 
facts and presentation are satisfactory Experimental 
details are given for the photochemical accomplish¬ 
ment of some molecular rearrangements, the pro¬ 
duction of vitamins d, and of halogenation, although a 
notable omiwion is that no reference is made to the 
photochemical facilitation of brominations using 
N-bramoouccminude 

The thud section of the book is concerned with 
electrolytic reactions • it gives a brief account of 
electrochemical principles (with glossary ') and 
contains a very useful tabular summary of electrolytic 
reduction processes It should help to popularize a 
modus operands for the production of organic com¬ 
pounds, which is in general rather neglected in 
ordinary laboratory practice 

C W Shoppes 

Introduction to Radiochcrmstry 

G ftBDUNDU and J. W KENNEDY 
(xw+419 ppi %Uus t by 5h «) 

New York John Wiley and Sons Inc, 1949 $5 00 
London Chapman and Hall Ltd, 1949 40J net 
This book is the first publication to deal with 
radsocheimstry, as distinct from that part of the 
subject dealing with the applications of radioactive 
tracers, that has appeared since the last edition of 
the classical text of F A Pameth and G. von Hevesy 
m 19^8. 

It k inevitable that such an introduction must 
devote a substantial section to the ptyncal founda¬ 
tions of fie subject; but it is a pleasure to find a 


description of this material that is so free from fie 
erro r s that boet the non-mathematical treatment 
Even such a difficult concept as parity is adequately 

The instrumentation and practical techniques of 
the subject are still changing so rapidly that already 
the emphasis given to various methods of detection 
and measurement might be modified. For example 
the use of scintillation methods with photomultiplier 
tubes is dismissed in half a page and the treatment 
of Launtsen type electr o scopes is equally summary 
Nevertheless, the extensive equipment used in modern 
radioactive measurements and the principles and 
procedures involved are admirably described 

Particularly commendable is the inclusion of an 
entire chapter dealing with fie statistical considera¬ 
tions pertaining to radioactive measurements Of 
more doubtful value is an appendix (93 pp) devoted 
to a table of isotopes, very similar to that published 
by G T Sbaboro in the Review of Modem Physics 
m October 1948 The ephemeral character of such 
tables makes it seem out of place in fits bode The 
space occupied might better have been devoted to 
one or two chapters dealing with radiation chemistry, 
a topic purposefully omitted from this book, or to 
extending the last three chapters, which deal directly 
with radiochemistry 

A valuable feature of the book is fie collection of 
exercises, generally of a numerical character, 
appended to each chapter and forming one of the 
appendices Well chosen compilations of references 
are also included It is an interesting reflection on 
the development and the present state of the subject 
that these omit mention of the classical handbook 
of S Meyer and E Sghweidler 

The book is well produced and suffers from un¬ 
usually few typographical errors 

A G Maddock 

Books to Com 

Progress in Nuclear Physics I Edited by or frdgh 
(234 pp> icy 1Iks) London Butterworth-Sprmgcr 
Ltd 45s 

Ortokurvengeometne m der komplexen Zahlcnebcnc 
w MICHAEL (c soopp\ gy tUus) Basel Verlag 
Birkh&user c S Fr 20 00 

High Polymen, Vol VIII The Testing of Organic 
Plashes R x mason New York and London 
Intenaencfe Publishers Inc 

Textbodf of Quantitative Inorganic Analysis 

I M. KOLTHOFV USd E B SANDS LL London ' MbC- 

miDaft and Co Ltd c 30 s 
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Variation of Granularity of a Photographic Deposit 
with Area of Scanning Spot 

R DEBOT, Dr.Sc physiques 

The electronic granularity meter previously described facilitates accurate measurement of the 
variations in the mean ignore demotions of the transparency a r with the area a of the scanning 
spot A high degree of precision is obtained by taking averages over a large member of individual 
specimens For negative specimens, the variation differs from one emulsion to another and may 
also depend on development , it is, however , always quite close to the theoretical law 
log o,y/a constant For enlarged specimens, the relationship always differs from the 
theoretical for small scanning spots log a T increases much less rapidly than expected For 
given conditions of enlargement , a definite relationship between the granularity of a negative 
and that of its enlargement is being sought 


GRANULARITY OF EMULSIONS 

In an earlier article 1 an electronic granularity meter 
was described Details of its perfonhance have been 
described elsewhere 1 The present paper reports on 
a large number of measurements which were made 
in order to verify the law proposed by Selwyn 1 on 
theoretical grounds, according to which the mean 
square deviation of the density multiplied by the 
square root of the area of the scanning spot is constant 
for any one granular specimen 


it* nning spot This proposition is identical with that 
originally made by Selwyn except that his densities 
are replaced by relative transparencies which are 
nearly proportional to one another 4 , and by the use 
of average values which are essential in order to 
achieve the accuracy required 

The geometrical circumstances of the various 
measurements are given in Table I and the numerical 
remits in Table II These were obtained on 17 differ¬ 
ent types of granular deposits, at follows 


It was found 1 that the mean square relative devia¬ 
tions of the transparency as measured by the elec¬ 
tronic granularity meter were not to be determined 
entirely by the specimen and the size of the scanning 
spot, but depended to an appreciable extent on the 
chosen scanned line on the specimen, the differences 
occasionally exceeding 30 per cent At the same 
time, the measured values were distributed according 
to die Gaussian law around an average value which 
can be determined with any required precision by 
making the number of measurements sufficiently large 

The following procedure of measurement was 
adopted 

a AroOtnd each point of the granular specimen, 8 
circles of radu r, (1 tancs from o to 7) were scanned 
such that the circumference of the smallest was 40 
to 50 tunes the diameter 7 of the luminous scanning 
spot, and that die di ff er en ce between two consecutive 
circumferences constitutes an appreciable fraction 
(at least Go per cent) of q> The mean of these 8 
measurements n called o w 

b By measuring log <r r o fortunes around different 
points an average value iff log o T is obtained 

In order to test Selwyn’s law, one would investi¬ 
gate the change m log i~ r with the area of the 
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For the commercial emulsions, the conditions of 
development were those recommended by the manu¬ 
facturers , for 15 to 15 a normal MQ, developer was 
used , feu 16 the same developer was used for a 
shorter tune, and for 17, a fine grain developer was 


TabU I 
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TabU II 



The curves for log o T yJa u a function of log y/a 
are thown m Ftgurt r , consecutive experimental 
points are merely joined by straight lines These 
curves and the results in TabU //reveal that log <x T y/ a 
does not vary much from one diaphragm to another, 
certainly much less than has been reported by 
earlier workers The experimental errors are such 
that one would estimate the dispersion of the values 
of log e 9 y/a to be o 01 for any one diaphragm and 
specimen If one adds another 001 in order to take 
into account possible errors in the calibration and 
construction of the granularity meter, one would 
assume that any deviation in the value of log o t y/a 
would not be significant, unle» it exceeded oog 
In TabU II, T is the mean of the values of log a r V a 
and a{T) is their dispersion In four instances out 
of 17. a(r) is smaller than oog (Nos 5 , 7,‘Jf, 17 ) , 
an examination of the corresponding curves would, 



however, seem to indicate that the experiments 
betray a systematic variation of log a r V a since the 
points do not lie at random around the average 
straight line In particular, for No 11 , the most 
probable curve would nse slightly and that for No 
17 would Call, giving a relationship of the type 

log o T + »log a == constant (1) 

where ft would be o 49 and o 515 respectively 

For the other 13 specimens, the deviations from 
the law assumed are greater For No ja, one can 
verify that the rapid growth of log o>V a with a for 
larger values of this parameter is caused by another 
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factor which does not depend on the granularity, in 
fact a lack of homogeneity of the emulsion layer 
Thu fact u shown up by a systematic increase m o r 
with the radius of the scanning circle when it becomes 
greater than 03 to o 4 mm, whatever the size of the 
■canning spot 

For the other 19 specimens no other foreign 
phenomenon influences the granularity observations 
The largest variations of log a T V a were observed for 
a cine positive emulsion (Nos 8 t p, 10) and principally 
occurred for the lowest densities , for example for a 
density of o 43 and over a range of values of a from 
44 to yjooop 1 , log a f y/a grows by approximately o 2, 
the antiloganthm of which corresponds to 60 per 
cent of the minimum value For the other emulsions 
the amplitude of the variation u always below ± 7 
percent If one wants to express some results in terms 
of equation / the values of n will he between 0 46 
and 0515 


GRANULARITY OF ENLAROED TRANSPARENCIES 


Specimens Nos 13 to 17 were enlarged 18 13 timet, 
thu factor being denoted by g t and the enlarged 
specimens by roman numerals TM$ III gives the 
conditions under which the results in Tdblt IV were 
obtained, comparable with TabUs I and 11 The y 
of the enlargement was measured tn the granularity 
meter under the same optical conditions as for the 
granularity itself. 

The mean values of log EtVA (the capital 
letters denote the enlarged specimens) grow rapidly 
with the area of the scanning spot Selwyn’s law 
it here not even approximately fulfilled A com¬ 
parison of Figum 1 and a proves thu strikingly 


Values of log 


%y/A 

g y 


were also 


worked out 


Theoretically, if the enlargement of the granularity 
was perfect, multiplying by the value of y to take 
care of changes in contrast, and by g to take care of 
the increase in linear dimensions, thu should be equal 
to the corresponding value of log a T y/a for the same 
negative and for a scanning spot of area a =■ A/g % 
It will be seen that in fact the diaphragm VIII, 
which u the largest used, produced values of 

log which are nearest to the mean of the 

gy 

corresponding negative, the largest differences being 
of the order of ± o 04 1 s ±10 per cent in anti- 
logarithms, and that their arithmetic mean did not 
differ from zero by more than the experimental error 
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A more detailed comparison can be earned out 
in Fifurt 3, which shows the effect of the scanning 
spot size on the measured granularity both for the 
negative specimens (dotted) and for their enlarge¬ 
ments (smooth) The deviations found as between 
pain of curves t* the values of 

log D log - log OrV* (2) 

g y 

are shown in the hatched portion in Fxgurt 4 for the 
specimens U to 17 An average curve is also drawn , 
the muinnim deviations from this occur alwayi for 
the largest scanning spots and go up to ± 0 19 t * 
to ± 30 per cent in antdoganthms They become 
smaller than ± o 095 or ±6 per cent near 
log V* “ 1 5 and increase a little beyond that point 
Specimen is yielded large values of log D for small 
areas s of the scanning spot, these results were plotted 
separately in Ftgmw 4 smee the enlargement was 
purposely ill focused, although still within the limits 
of tolerance of normal enlarging practice 

INTERPRETATION AND CONCLUSIONS 

The granularity of photographic emulsions can be 
determined on the electronic granularity meter with 
good accuracy, oftfce order of ± a per cent in relative 
and ± 4 per cent jn absolute values In order to 
obtain thus accuracy one has to talqo a mean of a 
sufficiently huge number of individual aKtsurements, 
as a rule of three groups of eight The values of 



Ftittrt 4 Donations from sooragt am for 
mulls qf Ftfort g 


log Ofy/a vary a little with the area of the scanning 
■pot, but the variations observed are smaller than 
those published by other authors In several instances 
a law of die type 

log o r + n log a = constant 

is valid, where n varies from 046 to 0313, the 
theoretical law of Selwyn giving a value of a — o 5 

Similar measurements can be made on enlarged 
specimens There is an approximate correspondence 
between the granularities of a negative usd of its 
enlargement, which is perhaps best seen in the mean 
curve in Figuro 4 This approximate co r r espondence 
applies if die optical conditions of enlargement are 
always the same and if focusing is done with special 
care , if not, the experimental deviations become 
much bigger, the more so if the areas of die corre¬ 
sponding scanning spots A and a are small It u 
dear that different optical conditions produce 
different results, and it is probably premature to 
attempt to draw definite conclusions 

The relationship found between thd granularity 
of a ftegatxve and that of its enlargement may be 
explained if the following conditions are considered 

a if the enlargement were optically and photographi¬ 
cally perfect, log D would be aero , 

b the optical conditions during the enlargement, and 
in particular the lack of resolution of the lens, 
produce values of log D which are more negative 
the smaller the scanning spot, 
c from the photographic point of view we must con¬ 
sider that the y of the enlargement b defined for 
reasonably large areas of the negative or print 
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The effect of light scatter in the emulsion causes 
a reduction of the 1 sucrogamma *\ 

on the other hand, for large values of A and a, 
one might expect positive values of log £ since, 
apart from measuring die granularity, the scanning 
of large circles on the enlargement measures the 
lack of homogeneity of the positive emulsion The 
mean curve of Figure 4 effectively appears to cut 
the line log i) » o for the last diaphragm used, 

t the deviations between the mean curve of the 
variations of log D with a, and the measured values 
may perhaps be accounted for to some extent by 
errors in measuring the granularity and in the 
optical and photographic conditions of enlargement, 
principally, in particular for the small diaphragms, 
by insufficiently exact focusing of the enlarged 
image 

Further experiments will be neceaary if the 
relationship between the granularities of negatives 
and their enlargements is to be stated more precisely 


Them experiments, and a more detailed discussion 
as to the reason why earlier authors were unable 
to obtam granularity values approximately in 
corresp on de n ce with Sdwyn’s law, will be reserved 
for a future publication 

Thu monk was s u pported by ths Lutttui poor VE*> 
co w regme nt dr la Reehtrche Sctent\fiqm dans F Industrie at 
PAgriculture (IRSJA ) and by the SA Phatopndmts 
Gevaert AcbuwUdgemnt v also dm to Dr W F Barg 
for translating this paper from ths Franck 

LaboraSom ds fkysujm Ghdrale 
Unwtrsitf ds Ltd ft, Btlgutm 
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Notes on the Deposition of Sands 

J KOLBUSZEWSKI, Ph D, D I C, Dipl log (Civ), A.M A.S C E, F G S 

In order to establish more information about the conditions of deposition of sands which lead 
in nature to a loose or dense deposit some of the factors controlling porosity were investigated 
When it was established that rapid deposition in mx and deposition in still water lead to svmlar 
and very high porosities with any given sand , and that a slow rate of deposition tn atr leads 
to a denser packing than can be achieved by vibration, the velocity of fall of the grams and 
the intensity of deposition were additionally investigated and their influence on the resulting 

porosity explained. 


Tub transport and accumulation of solid particles 
such as sands and silts by currents of water have 
received attention from many investigators, but the 
problems involved are numerous and the results 
obtained from experimental work are incomplete in 
many respects One aspect of the wider problem 11 
the question of porosity of sands This has been 
investigated experimentally by the author 1 and the 
purpose of the present piper is to describe some of 
the factors controlling the deposition of safrds m 
water and in air, and to show how these can be 
expressed m terms of the porosity of the Faulting 
deposit The pomble bearing of this work an the 
interpretation of naturally occurring sediments is 
briefly indicated 

Porosity is a fundamental pro p erty of sand The 
condition of natural arenaceous deposit can be de*> 
cnbed in terms of porosity m die same way that the 
, state of day as found in the field can be d ree n bed 
in terms of its water content 1 For the latter, the 
water content of a day relative to the two limits 


known as the liquid limit (LX.) and plastic limit (PL) 
is defined by the liquidity index 

/ x » (LL ~ WC)/(LL - PL) (1) 
where the water content (WC) is defined as the 
weight of water m the pores of a day per 100 gm 
solid material It is measured as a loss in weight 
after drying to constant weight m a ventilated oven 
maintained at I05°C The liquid limit u defined as 
the water content of a day at which it ceases to 
behave as a plastic material and becomes essentially 
a viscous fluid. The plastic limit xs defined as the 
water content at which the clay changes from the 
plastic to a friable state. 

For sands the chief variable which affects porosity 
is the density of packing of the grains. Thau usually 
exprw f d as the void mho e where 

4 — voL of voub/vol of solids . .(a) 

It n, however, expr om od more fundamentally as the 
degree of co mp a ni o n which It defined as 

(». - »)/(** - *•> 


478 




j iOLBVfZBwiKi * Notes on the Deposition of Sands 


Rtswek SuppUntati 3-10 


where 4 n the void ratio of the sand and and 4 P 
are the void ratios in the loosest and d ens e s t possible 
respectively The state erf sand in the field 
can also be described m terms of porosity Pprouty 
P ss the percentage of vend space that a mass of sand 
contains u. 

P — (voids X 100)/total volume (3) 

The porosity measured m die field is related to the 
maximum and minimum porosities at which the sand 
can exist in stable packing t e 

Relative porosity P f « (P w - P)l(Pm*x - P«.) 

( 4 ) 

Maximum porosity is obtained by pouring sand in 
water without entrapped air The apparatus and 
procedure have been described 1 Minimum porosity 
is obtained by vibrating a sand sample under water 
The apparatus and procedure have been described 1 

Working on the problem erf producing experi¬ 
mentally limiting loose and dense packings of sands 
and studying the variation of P^ x and P^ with 
different gram shapes, sues and gradings 1 , the author 
investigated some factors controlling the deposition 
of rands in water and air It is proposed here to 
describe these factors, the results obtained will be 
exprorad in terms of porosity 

At an early stage of the research it was found that 
quick pouring of a given weight of sand through air 
results in higher porosity than can be obtained by 
slow pounng A series of testa was earned out and 
die rate of pounng through air investigated It was 
found that the rate of pounng and the height of drop 
have a profound influence on porosity It will be 
seen from Figm /, where typical results obtained for 
Leighton Buzzard sand 16 to 95 B S S are shown, 
that foe porosity increases with rate of pounng to 
some limiting value, and this limiting value itself 
tends to decrease with increasing height of drop 
These phenomena appeared to be of considerable 
importance and they were investigated more folly 




Figurt 2 Apparatus fir * stnam B dtpasxhon m 
sand swfaa 

CKNERAI INVESTIGATION OP FUNDAMENTAL 
FACTORS CONTROLLING LOOSE PAGKINO 

When pounng sand through water it was observed 
that after a depth of about 6 in (13 cm) the grains 
were falling through water m a more or less uniform 
‘ram’ and the porosity obtained was the highest 
obtained for the sample of each sand used 

When pounng sand through air at a high intensity 
(gm/cm a /scc) the porosity again approached that 
obtained in water as for example in the tilting test 
m which a 9 1 glass cylinder [3 in (76 cm) diam] 
was used and 1 kg of sand locked inside the cylinder 
by a rubber stopper was shaken and quickly turned 
upside down and finally tilted to the initial position 
and porosity measured, or when the sample was 
allowed to foil 4 instantaneously ’ in air 

It was observed that the porosities obtained by 
various techniques for producing a rain of grains (per¬ 
forated funnels and special diffosers were used) tend 
towards a unique high value with decreasing height erf 
drop On the other hand with the comparatively 
low intensity of deposition, the porosity of the sand 
deposited in air was very considerably lower, and 
also decreased appreciably with height of drop Thera 
results were not easily int erpr eted and, although 
the actual exper i ment al facts had been reasonably 
well established, it was clear that, before any logical 
explanation could be derived, a further investigation 
was necessary In these latter tests Ham River 93 
to 53 B.S S. sand was ettdu ttvdy employed* 

As a firiMtep it was decided to measure the actual 
intensity of deposition of the sand on the surfkce of 
the sample in water and with various of 







Research SuppUmtnt 3-10 


j KOLBUBZEW8KI Notei on the Deposition of Sands 


deposition in air In the former where final velocity 
of foil was noted the average rate of intensity g could 
easily be calculated by noting the tone required to 
fill the cylinder with 1 kg of sand 

The results of these differ e nt rates of filling were 
at follows * 

* — 0055 gm/anV«ec 

Intensity g — o 4a „ 

i « 1 04 n 

a « 46 6 per cent 
Porosity fi — 46 8 „ 

it — 46 8 „ 

Each value w the average of at least three tests. 

It will be seen that the intensity of deposition had 
no measurable influence on porosity 

In addition, tilting tests were corned out with the 
cylinder full of water The results of many tests 
gave the following average values 

/ — 1 6 gm/cmVsec n — 47 1 per cent 
The porosity is very similar to the values obtained 
previously 



Pwtfon if motoring Mi 



* Pmdm if mooring tok 


Ftgtm $ (d boot) oftf Finn 4 Cms ustum 
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D —05500, d — oatf cm*, f£— 4 ogmlm, 

f t — 1? o gmjcm*lm Hnghts rf drop 

6 m (jj * cm), 2 rft (030 m), J aft (0 fir m), 

* 4 fl </*-•), 3 fiJM/ftei) 


Hfht it drop 



fhtght $t drop 


Figun 5 R il atumskxp bttwtm log g and hmgkt 
if drop for ws dffrmt jwmris 

An attempt was then made to measure the in¬ 
tensity of deposition on the sand surface for deposition 
m air by die * stream 1 of sand The apparatus used 
u shown m Ftgpn a 

A vertical glass tube A with top aperture was 
moved horizontally by means of the attached 
wooden scale R and held m each position for a given 
time The sample of sand collect e d in the container 
C was weighed and the weight recorded 

Funnels with various rates of discharge were used 
in the experiments For each funnel and for each 
height of drop a complete cross section of the stream 
was investigated, values recorded and plotted as m 
Ftguns j and 4 For each of the funnels used the 
following data were calculated 

D — diameter of funnel opening 
A — area of fiinnel opening 
d — discharge of fiinnel, gm/sec 
gf « QJA, intensity of fiinnel 
JTi — QJ2n <2 Ot characteristic of measuring tube 
g — Ki E fy*/S ry, average intensity 

Ftgan 5 shows die results for three of the fimnds 
used where g is plotted agonist height of drop. 

Finally, in this first stage, the intensities of de¬ 
position for various 4 ram of gram 9 techniques were 
determined These results are given in TM r / 

From Ftgm 6 it is seen that die poros i t ie s from 
all the * stream* and 'nun* techniques appear to 
plot as a more or less unique Auction of the intensity 
That is to say, die very different results obtained 
with various techniques of deposition can be resolved 
by using the intensity of deposition as the criterion 
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This conclusion seemed to be a considerable step 
forward, but it was at once apparent that the test 
earned out by depositing the sand under water gave 
an entirely different result {Figure 6) 

Consequ e ntly, it was necessary to recognize that 
the intensity of deposition is not the only controlling 
factor, although it a.one of mayor importance The 
chief difference between the tests in air and those in 
water is dearly the great discrepancy between the 
velocities of fall of grains Following this clue the 
velocities of fall m water were actually measured 
and were calculated for air from the following 
equation 

»- Sf VM) (5) 

where Sj is a * shape factor 1 assumed 1 to be o 8 for 
grains of die sues used m the pr es en t tests, In water 
p»4cm/sec while from equation 5 the values 
calculated for air are given in TabU II 
From these results it u seen that even with ex- 
trendy small heights of drop the velocities in air 
far exceed those in water In particular for a 6 m 
(15 cm) drop, die smallest which had so for been 


TabU II 
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used m the experiments, the velocity in air n 35 
times greater than that in water There differences 
were so large that it was felt they might help to 
explain the wide discrepancy mentioned above 

Consequently, some tests were earned out using 
a small 4 diffuser 1 which delivered a ram of 
grains over an area of 7 cm 1 , with an intensity 
g » o 14 gxn/cm 7 *ec This could be regulated to 
various constant heights above the sand surface 
The results obtained are set out in TabU III 


TabU III 
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By plotting porosity n against velocity o the points 
shown in Figure y were obtained These indicate a 
definite trend towards the point for deposition in 
water and in order to provide an intermediate 
result the sand was deposited in ether—a liquid with 
a low viscosity In ether the velocity of foil was 
found to be 18 cm/sec and the intensity was again 
equal to about 0 i4gm/cm B /sec The porosity was 
47 7 per cent which agrees well with the general 
relationship A tilting test in ether, however, gave 
a porosity of 46 8 per cent with an intensity of 
4 5 gm/cmVset 

Further decrease m velocity by pouring sand in 
glycerin (high viscosity) resulted in increased 
porosity Although the increase of porosity was not 
as high as could be expected, this could probably 
be partially explained by the influence oflubncation 

DISCUSSION 

Before the final explanation was arrived at several 
hypotheses had been considered These included the 
possible effect of the stream of sand from the funnels 
producing a type of 4 digging 1 action which increased 
the porosity above that given by uniform ram The 
effect of height was considered as being possibly due 
to an increased compacting action This is, of course, 
partially true but the correct explanation is the lower 
intensity of deposition produced by increasing height. 

However, neither of those effects appeared to 
explain foe high poros iti e s obtained with the tilting 
test ana there results were, almost from the first, 


explained in terms of some type of 4 locking* action 
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of density or porosity did not appear to have been 
considered 

In order to obtain data relating to tha problem* 
a wind tunnel was built in which repraentadye 
samples of wind-deposited sands can be studied In 
this tunnel some of Bagnold’s techniques have been 
repeated and new ones developed The most suit¬ 
able methods of measuring porosity were worked out 
and tested for various wind conditions It is too 
early to give the full account of the results as the 
research 11 not yet complete , but one result already 
established u of some interest m connection with the 
contents of the praent paper Thu c on cerns the 
relation between average wind velocity and average 
porosity as shown m Figure 8 It will be seen that 
the porosity of sand accumulated by horizontal air 
currents is greater for lower velocities than for higher 
This result is in general agreement with those des¬ 
cribed above 1# for sands accumulated by foiling 
vertically through air and water 

PRACTICAL APPLICATIONS 


which prevented a dense packing being obtained 
Finally the remits are explained as follows 

/ A low velocity of foil, as for example in water, 
leads to high porosity, independent of the intensity 
of deposition 

a A high velocity of foil, as for example from heights 
of several inches or feet (metres) in air, produces 
low porosity with low intensity of deposition, but 
with increasing intensity of deposition the porosity 
increases progressively until, with a high intensity of 
deposition corresponding to the free foil of a man 
of sand (tilting test), the porosity 11 of the same 
order as that obtained by deposition in water 

For any given relatively high velocity, the effect 
of increasing intensity of deposition is to inhibit the 
pooibihties of movement of the grains and they are 
virtually 4 locked * in the open packing existing at 
any moment m the extrem e top layer of the sample 
To summarize it could be said that with low velocities 
of foil there is insufficient energy available for pro¬ 
ducing a dense packing^. 

With high velocities there u sufficient energy avail¬ 
able for a dense packing to be achieved but with 
high in ten s ifi e d bf deposit io n there n insufficient time 
available for this dose packing to be achieved owing 
to the 1 locking 9 action of the newly amved grains 

Only when a high velocity is accompanied fay a 
low intensity* which means that the grains behave 
more or lev as individuals, can they be fo rced into 
positions of relatively dose packing 

The movements of sand caused by winds were 
investigated by BaoNolo and very detailed experi¬ 
ments were published 1 , but in hu wort the qustion 


The factors described above controlling poroudes of 
sand deposited in air or water seem to be of consider* 
able importance equally to civil engineers and 
geologists 

The latter m studying sediments works m the field 
and laboratory on the conditions under which the 
sediments were or are deposited With studies of 
sands, oolites and other particles the knowledge 
of relationships between velocity of foil, intensity of 
deposition and porosity might help to clarify the 
conditions under which the deposit was or is formed 
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If the findings indu c ted In.thte paper are coqjowed 
with those indicating the influence of specific gravity, 
roundnqs and sphenaty of deposited grains on the 
poronty of the deposited materials, at least the 
laboratory control of sedimentation should be easier 
It is known that the investigation of the process of 
wind deposition of sands as for as the porosity of the 
deposit is concerned was easier to understand when 
the problem of vertical deposition was elucidated 

In civil engineering, soil mechanics u the subject 
concerned with the problem described here The 
posubihty of reproducing in the laboratory the 
porosities of sands found m the field is erf great 
im portance Knowing the relation between the rate 
of pouring and porosity of a given sand, it is now very 
easy to obtain any required porosity for tests like 
those run by means of shear boxes or in model 
footing or pile tests The methods described above 
which have already been used in soil mechanics’ 
laboratories by other investigators have proved useful 


Thi work described in thu papor has ban corned on t tn 
t/u course qf engineering march m this laboratory Tho 
author ts greatly indebted to Dr A W Skempton for hit 
encouragement and help, and also wukes to acknowledge tho 
help given to km by A W Bishop daring the experimental 
work Dr F G H Blyth has assisted the author greatly 
by discussing the contents qf thu paper with him 
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Elastic Thixotropy 

Braun, Frey and Reiner 1 refer to expenmen ts 
with rubber-toluene solutions m which they have 
found that during continuous shear at a constant 
speed the viscosity remains unchanged, while the 
Weusenberg effect rises to a maximum and later 
drops to zero 1 

Work in these laboratories during the past year 
on plasticized polyvinyl chloride at about igo°C, 
tested in a suitably modified version of WeusknberoV 
rheogomometer, has shown that the tangential stress 
component remains nearly constant mt constant rate 
of shear, whereas the normal component rises to a 
maximum at an applied shear of the order of 100 and 
then gradually foils to a finite limiting value This 
behaviour bears an obvious similarity to that of the 
rubber-toluene solutions, but m addition another 
aspect of this 1 elastic thixotropy ’ has been observed 

Measurements of strain reco ve ry immediately after 
various amounts of shearing at constant rate have 
shown that shears up to about 10 are largely elastic, 
but in this region the original molecular network 
appears to’be finally broken down, and there is a 
sudden drop in recovery For larger shears the re¬ 
covery continues to dcchne and a limiting value is 
approached at applied shears of die order erf io\ 
but at about 10*, there 4 an nnosphincd abrupt 
temporary increase in the rate of decline On resting 
at the test temperature the material gftduaily reverts 


to its original condition It is noteworthy that, in a 
plot of recovery against logarithmic applied shear, 
the two breaks occur at almost the same shear when 
the rate is increased a hundredfold, and the elastic 
behaviour m general is even more dependent on the 
amount of shear than on its rate, though it will be 
seen that the normal stress component and the 
recovery reach maximum values at different applied 
shears The rate of recovery increases with the 
applied shear, when thu exceeds about io a , as well 
as with shear rate These results seem to be consistent 
with a progressive reduction during shear in the 
number of secondary cross linkages in the con¬ 
tinuously changing molecular network While thu 
would be expected to lower the viscosity, the accom¬ 
panying reduction in molecular orientation would 
presumably have the opposite effect 

Preliminary experiments with polythene have in¬ 
dicated that this also exhibits * elastic thixotropy v 
though the detailed behaviour differs from that of 
polyvinyl chloride 

W F O POLLETT 

Henley's Research Laboratories 
Gravesend, Kent (Reamed August 1990) 
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Research Correspondence 


iHy 3 k, 3 k - (‘ Cis') Cyclohixanetrtamtne 
Tbs crystal structure detenmnation of a phloro- 
gluatol dihydrate 1 and dianunomacate 1 show that 1 
the hydroxy groups are all in k positions in these 
compounds and that the water oxygens (ammonia 
nitrogens) form tetrahedrally distributed hydrogen 
bonds of medium length It seemed interesting to 
decide whether the corresponding tnamine forms a 
dihydrate of the same crystal structure 

It appears, however, that none of the two possible 
1,3,5-cyclohexane tnaxmnes have so for been prepared 
The preparation of the 1 cis * form was performed m 
the following way A solution of 10 gm of 1,3,5- 
cydohexane tnoxune* in 500 cc of absolute ethyl 
alcohol was reduced by adding rapidly 50 gm of 
metallic sodium When all sodium had been dis¬ 
solved the content of the flask was diluted with water 
and steam distilled The first fraction contained 
considerable amounts of ammonia Later, a very 
dilute solution of an alkaline substance distilled The 
distillation was continued until the distillate was free 
from alkaline substances The alkaline solution was 
neutralized with hydrochloric acid and the water 
evaporated The salt thus obtained was recryit&llized 
from ethyl alcohol containing some water, or in some 
cases from concentrated hydrochloric acid Accord¬ 
ing to analysis, the composition of the salt corresponds 
to the formula CtH^NH,), 3HCI H ,0 

Calc C 90 08 H 7 85 N 16 38 G 1 41 47 

Found 28 45 7 79 16 00 41 39 

The crystals have the shape of hexagonal prisms, but 
are found to be biaxial and orthorhombic The den¬ 
sity obsermi by Furbkro u 1 43 gra/cc, and he found 
the following lattice constants 

a 16 7a A, b »= 10 03 A, c * 7 16 A 
From these data a * molecular weight 1 of 1159 ± 4 
may be computed, assuming the unit cell to contain 
four 1 molecules * (theoretical mol wt 956 6) 

The crystallographic observations seem to nmke 
the ‘os’ (sxN^m) form of the tnamine 
probable We have, however, prepared a solution 
of the free base by extracting the solution of the salt 
m concentrated potassfum hydroxide with ethyl 
ether After adding traces of water to this solution 
the ether was eyjsporatedun an atmosphere free from 
carbon dioxide The crystalline mass thus obtained 
was extremely hygroscopic It was brought into a 
capillary tube of boron-hthium glass and x-ray 
powder diagrams were taken, using c opper radiation 
The correspondence between diagrams thus obtained 
and those of a phlorogluatol dihydrate dearly 
proves the isomorphism of these two substances 
The crystals therefore mntMtn the tnamine in the 
form of the dihydrate, and with the configuration 
***, As the yield of the synthesis is rather poor 


we p r efe r to give further details about the tnamine 
in a later pu bli cation 
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Low Temperature Ferromagnetism of Sigma 
Phase in an Alloy Steel 

It i« known that 18/8/3/1 chromium-nickel- 
molybdenum-titanium steel heated at and water 
quenched from 1,150*0 consists of austenite, femte 
and a small amount of titanium carbide Recent 
work 1 has shown that reheating a steel of this 
structure at 850*0, followed by water quenching, 
results in the formation of sigma phase 

We have now found that sub-zero treatment at 
various temperatures down to — 196*0 of such a 
steel (Cr, 18 4 per cent, Ni, 8 45 per cent, Mo, 
3 40 per cent, Ti, o 47 per cent, C, o 04 per cent, 
Si, o 56 per cent, Mn, o 43 per cent), previously 
heat treated from 05 to 100 hours as above to 
produce sigma, leads to an increase m its ferro¬ 
magnetism, part of which is permanent and part 
Reversible with change of temperature The per¬ 
manent increase is caused by the sub-zero trans¬ 
formation of part of the austenite to a ferromagnetic 
body-centred cubic phase The reversible increase 
shows that one or both of the normally non¬ 
ferromagnetic phases possesses a Curie temperature 
below which it becomes ferromagnetic 

We have separated the austenite and sigma phases 
from the heat treated steel by means of selective 
anodic attack in suitable electrolytes, the powder 
residues obtained being identified by means of x-ray 
photographs The powders were compacted at 
50 ton/m 1 (80 kg/mm 1 ) and subjected to sub¬ 
zero treatment, when only the sigma phase showed 
a temperature reversible increase in ferromagnetism 
Thus it is the sigma phase m this steel that possesses 
the Curie point, it lies at about — H3°C 
We hope to publish full accounts of these 


investigations shortly 
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Commentary: Scientific Views of Man 


The effect of scientific discoveries on the economic state of man¬ 
kind has often been discussed, but until recently little attention has been given 
to the part played by science m forming the * mental climate ’ of the time, that 
is the general idea which people have of their world and of themselves It is 
beginning to be realized that this influence in Western civilization during the last 
four hundred years has been very great It is perhaps a sign of this increasing 
interest m science as a factor determining the general outlook of the times that 
a book on the origin of modem science should have been written by the Professor 
of Modem History at Cambridge 

Professor H. Butterfield’s thesis is that the scientific movement arose not so 
much from a closer study of natural phenomena as from the use of a different 
kind of ‘ thinking cap 1 to interpret old and well known observations This 
‘ thinking cap ’ which proved to be the * open sesame' to the discovery of the 
secrets of nature was the attempt to look at things in a more mathematical way, 
to bring them mto abstract and rather geometrical frames of reference which were 
often considerably remote from anything which could easily be realized on earth 
Hence it happened and was perhaps inevitable that the laws of motion should 
spring mainly from the study of the motions of the planets, rather than from 
actual experiments with terrestrial bodies and projectiles, which owing to the 
complicating effects of resistance and friction often suggested very different laws 
For example, terrestrial experiments would seem to show that a constant force 
was required to maintain a body moving through the air at a constant speed 
and it required a very considerable effort of the imagination to conceive the 
idea expressed m Newton’s first law, that a body continues to move at a constant 
speed unless acted on by a force. 

If the pioneers of science obtained their successes through using a different 
land of ‘ thinking cap ’ it is equally true that their discoveries provided men 
with a new ‘ thinking cap ' with which to study the world and themselves. The 
first and most devastating result of this was to push Western man off the pedestal 
he had made for himself in medieval thought. Whatever we may think of 
medieval life and institutions, they had at least one virtue , they had no doubts 
about the supreme importance of man. He was a creature only a little less 
than the angels, created by God m bis own image 

The lasting and continual effect of scientific discovery during the last four 
hundred years has been to knock away the supports of tins conceit, if we think 
it such, and to reduce man’s stature in his own estimation. Scientists may claim 
that this is all to the good and results m a saner and truer estimate of man. 
Many of these repercussions of science on the popular beliefs were however 
strictly unjustified by the scientific results, which were insufficient to support 
any opinion on the nature of man, and indeed the popularized view was often 
l not shared by the scientists who knew what had really been discovered and how 
remote any real knowledge of living things and 1 of human beings was from the 
simple laws of physics and 1 , at a later stage, chemistry. 
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THE MECHANISTIC PERIOD 

I Newton followed up his studies of celestial 
mechanics with a profound and scientifically 
unproductive study of the prophecies of Daniel 
and it is clear that he was under no delusion 
of having discovered the nature of man His 
successors were more confident Impressed by 
the immense power of mathematics R Des¬ 
cartes tried to bnng all experience within a 
mathematical scheme It was the age of 
mechanics, the science of motion, and of the 
discovery of primitive machines It was natural 
for scientists to compare the bodies of animals 
and of human beings with machines The arms 
and legs were examples of the principle of the 
lever, the heaj t, after the discovery by W 
Harvey of the circulation of the blood, could 
be thought of as a vital pump Starting from 
this, Descartes said 4 the body of man is nothing 
but a statue or machine made of earth ’, a 
point put more explicitly by G Leibnitz in the 
words * the body of a man or animal is as 
mechanical as that which takes place in a 
watch’ Actually the science of this time 
was ludicrously inadequate to express any 
opinion on the nature of the body of man or 
animals It had not then discovered the nature 
of the simplest compound Concentrating on 
certain limited aspects of living things, one 
could certainly see some analogy with the 
results of mechanics, the only science which 
was then known , but how much was left out 
of the description and how inadequate it was 
to describe as a machine a self-maintaining, 
glowing, reproducing, sentient organism 1 It is 
true that Descartes admitted in men, but not 
m animals, the existence of a soul, a * ghost 
within the machine 9 which gave them free will, 
feelings and passions 

ANIMAL SPIRITS AND ELECTRICITY 

At a later period attempts were made to identify 
the * animal spirits ’ which Descartes had de¬ 
scribed as 1 like a very subtle wind, or rather a 
very pure and lively flame which, continually 
mounting in great abundance from the heart 
to the brain, flows from thence through the 
nerves into the muscles and gives motion to all 
the members ’ It is natural that attempts 
should be made to identify it with the decide 
4 fluid *, developed by electrostatic machines, 


and when L Galvani, a professor of physiology 
and a believer in a 4 nervous fluid accidentally 
observed the twitching of frogs* legs when the 
spinal column was touched by a scalpel, he 
jumped to the conclusion that he was observing 
an escape of the dectnc fluid He concluded 
that there existed an electricity belonging to 
animals which was secreted by the brain and 
resident especially in the nerves 4 The prin¬ 
cipal reservoirs of the electricity are the muscles,* 
he said, * each fibre of which may be considered 
as having two surfaces and possess by that means 
the two electricities, positive and negative, each 
of them representing, so to speak, a small Leyden 
jar, of which the nerves are conductors * Un¬ 
fortunately for Galvam’a theory, A Volta was 
able, a few years later, to produce electrical 
effects by the contact of two dissimilar metals, 
without the intervention of the frog, but 
Galvam’s work continued to interest physio¬ 
logists who felt that the elusive dectnc fluid 
was just the kind of thing they needed J B P 
Lamarck was convinced that the nervous fluid 
* is electnd fluid * * Assuredly,* he said * it can 

only be a fluid, moving almost with the swiftness 
of light we have some knowledge of fluids 
which possess this faculty * But he thought that 
it had 4 been modified in the animal economy 
and to some extent annualized by its residence 
in the blood * [Quotation from P D Wight- 
man Growth of Scientific Ideas ] 

THE EVOLUTIONARY DOCTRINE 

The critical phase in the conflict between those 
who regarded man as part of nature and those 
who claimed that he was outside nature was the 
evolutionary theory which demonstrated the 
continuity of human and animal life and C 
Darwin’s hypothesis which offered a natural 
law for the development of species and of man 
from the lower forms of life 

The attack on the evolutionary doctrine was 
made precisely on the ground that it lowered 
the dignity of man and those who were outraged 
by the suggestion endeavoured, very unwisely, 
to oppose the idea by ridicule Bishop S. Wil- 
bertorce asked m the Quarterly Renew * Is it 
true that all favourable varieties of turnips are 
tending to become men ? * aqd at the discussion 
held during the British Association meeting at 
Oxford m i860, he asked T. H Huxley 4 1 
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beg to know, was it through hu grandfather 
or hu grandmother that he claimed descent 
from a monkey ? , a question which brought 
the crushing retort 1 You say that development 
drives out the Creator , but you assert that God 
made you and yet you know that you yourself 
were originally a little piece of matter no bigger 
than the end of this gold pencil-case. I should 
feel it no shame to have risen from such an 
origin, but would be ashamed to be connected 
with a man who used his great gifts to obscure 
the truth * Huxley returned to this theme in 
his Edinburgh lectures On the relations of man 
and the lower ammals 4 1 have endeavoured to 
show that no absolute structural line of demar¬ 
cation can be drawn between the animal 
world and ourselves , and I may add the ex¬ 
pression of my belief that the attempt to draw 
a psychical distinction is equally futile, and 
that even the highest faculties of feeling and of 
intellect begin to germinate m lower forms of 
life At the same tame, no one is more strongly 
convinced than I am of the vastness of the gulf 
between civilized man and the brutes , or is 
more certain that whether from them or not, 
he is assuredly not of them * ’ 

One must feel that in this conflict the honours 
went to the scientist, but all the same, as the 
popular view filtered down to the masses and 
^as it was interpreted by the politicians, man 
lost something the survival of the fittest became 
a political philosophy which justified the use of 
bnite force and helped to undermine the basis 
of Western civilization—its belief in the supreme 
value of human beings 

REGENT ATTEMPTS OF THE SCIENTIST 
TO UNDERSTAND MAN 

In snore recent yean the progress of science has 
on the whole tended to reinforce the common 
view of man’s insignificance and has been used 
as a basts of what one can only regard as a 
concerted attack on Western values As late 
as 1903 A R. Wallace, one of the pioneers of 
evolution, in his book, Man’s Place in the Universe , 
could daum for the earth and for the solar 
systqp a specially favoured and central place 
in the visible Ufitverse, but rdtnt discoveries 
have completely dispelled this notion and have 
revealed a Universe so immense that the mind 


cannot grasp it Thu has been used as an 
argument for the extreme insignificance of the 
earth and everything on it A Universe of such 
dimensions could not be designed for anything 
as insignificant as life—an excellent example of 
an irrelevant fact bang used to justify a personal 
and probably unjustifiable opinion 

It is natural that the increasing knowledge 
of the chemical structure and working of living 
material should support a mechanical view of 
life—now ieinterpreted in terms of atoms and 
molecules Life was a molecular phenomenon 
* Life could be regarded as the characteristic 
stable forms of proteins ’ as J Needham has put 
it m a recent book J Tyndall saw that if 
life was matter, it was necessary to endow the 
atoms of matter with some of the attributes of 
life 4 Abandoning all disguise,’ he said in hu 
famous Belfast address in 1874, * the confession 
I feel bound to make before you u that I prolong 
the vision backward across the boundary of 
the experimental evidence, and discern in 
Matter, which we in our ignorance have 
hitherto covered with opprobrium, the promise 
and potency of every form and quality of Life.’ 
On this view we shall never find a point at 
which life, or even thought, begins As we go 
downwards from ‘ organisms '—structures un¬ 
doubtedly living—towards simple molecules, 
vestiges of life and even perhaps of mind remain 
—though they can only be recognized as such 
in the larger assemblages 

Thu is not the place to go into the arguments 
between materialism and vitalism What I 
would like to show u that the popular view has 
often accepted the cruder materialist conclusions 
and neglected the qualifications with which the 
more profound scientuts hedged them in. The 
secret of bfe was always believed to be just 
round the corner The gap between the living 
and the non-living was always on the point of 
bang closed When the discovery of the 
crystalline viruses was made, it seemed that at 
last the gap between the animate and the in¬ 
animate would disappear As one writer said 
at this time [JVifX/Brf, Land 145 (1940) 278] 4 the 
further development of such researches may at 
any moment illuminate the cosmic miracle by 
which life can only be supposed to have been 
produced either on thu or any other world 
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Further researches however, while they have 
undoubtedly enlarged our knowledge of life, 
have still left us completely in the dark as to 
the mode of formation and nature of these 
borderline bodies The gap between the living 
and the non-living, however much it is bndged 
in some directions, shows an obstinate tendency 
to reappear in others 

The gulf between matter and feeling, between 
the phenomena which everyone recognises as 
the physical basis of perceptions and the per¬ 
ceptions themselves, remains as unbndged as 
ever To many scientists this gulf is in fact 
unbridgeable—the perceptions being outside 
the scientific field altogether M H Pirenne 
in his book on Vision and the Eyt, for example, 
says * Physiology as a science does not deny that 
there are conscious sensations and cognitive 
reactions it simply does not deal with them' 
and * From its very term of reference physiology 
deals only with the processes of the organism 
of which it can study the physical aspects 
Consequently it can never find anything else— 
the mind itself will never be seen under the 
scalpel of the scientists—but it is not entitled 
to say there is nothing else to be found ■ 

This perhaps goes too far and it may be that 
at some time in the future a scientific physio¬ 
logical psychology may arise, which discovers 
in our brain some physical equivalent of our 
thoughts That the way in which we think 
and the sensory content of thought depends on 
the apparatus available seems fairly obvious and 
it may well be that an increasing knowledge of 
the apparatus will illuminate the processes of 
thought, although its inner nature may remain 
inscrutable But this prospect is still remote, 
and our profound ignorance and uncertainty as 
to the real nature of mind might be sufficient 
to condemn any dogmatic attitude 

BIOLOGICAL INTERPRETATIONS OP 1IAN 

Neverthele* the latest scientific discoveries 
have been avidly seized upon as giving decisive 
evidence of the nature of man, especially by 
those who wish to discredit it. The biological 
attack on the integrity and rationality of man 
has come from four lines of thought The dis¬ 
coveries of the hormones—substances which 


have a profound effect on life and personality 
—ted to a popular view that a man 1 ! personality 
was determined by his glands. The fad that 
mere chemicals can influence behaviour and 
personality made it seem obvious that living 
things were nothing but a complex of chemical 
reactions and personality a chimera 

I. F Pavlov’s discovery of the conditioned 
reflex in animals supported the automatic or 
reflex nature of animal response to stimuli. 
Applied to human beings these experiments 
have been the basis of totalitarian experiments 
in propaganda and education the object of 
which has been to make human beings sub¬ 
servient and obedient to a particular political 
regime S Freud’s investigation of the uncon¬ 
scious motivation of human beings has also done 
much to undermine the idea of human rational¬ 
ity, since it made it appear that human motives 
were not within conscious control Freud’s ideas 
had a profound effect on the outlook of the 
more 1 advanced * people of the period 
although Freud himself realized their tentative 
nature 

Finally m recent years the mechanical and 
automatic nature of man has been powerfully 
reinforced by pressing the analogy between the 
operations of the brain and those of computing 
machines—‘ electronic brains ’ as they are 
called Without wishing to decry the capability 
and cleverness of these machines and their 
creators, it is obvious that there are very pro¬ 
found differences between their operations and 
those of brains The machine is essentially an 
instrument for counting or comparing impulses 
of one land or another It can do this much 
more rapidly than the human mind is able to 
It can, for example, add or subtract large num¬ 
bers m a very short time This is because a 
sequence of impulses can be added m the tune 
taken by the impulses to pass, which can be 
made very short In the human brain, on the 
other hand, counting is a clumsy and trouble¬ 
some operation We have no way of dealing 
and adding impulses directly like the machine 
does We have to turn numbers into words 
and cany out magical incantations (which we 
learnt at school) like 4 Two and two make four ’ 
—a very different matter to two impulses being 
ad de d to two impulses to make four impulses 
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which can turn a wheel twice as far as the 
original two's 

This does not mean that the brain is clumsier 
and leas efficient than the machine because it 
can do other things which machines so far cannot 
attempt or only m the most rudimentary fashion 
It can recognize the essential pattern of 
thousands or millions of separate sense impres¬ 
sions. It can produce from this pattern a 
relevant action—as when the cat pounces on a 
mouse It can modify the response to a particu¬ 
lar situation by memory of previous experiences 
if it is capable of learning from experience 

Much'has been made recently of the fact that 
a neurone is like some types of electronic valve 
in its all or none response to a stimulus and a 
study has been made under the name of 
cybernetics of the properties of assemblages of 
units having this property Even if we admit 
that this may be a promising approach, the 
actual results are meagre—a very simple model 
for the simplest type of memory and a rough 
mechanical model of how the control of muscles 
through the senses might be effected Yet one 
of the originators of this method, N Wiener, 
has described its results, or more exactly its 
promise, as follows ‘ We are beginning to see 
that such important dements as the neurones 
—the units of the nervous complex of our 
bodies—do their work under much the same 
conditions as vacuum tubes, their relativdy 
small power being provided from outside by 
the body's circulation, and the book-keeping 
which is most essential to describe their function 
is not one of energy. In short, the newer study 
of automata, whether in the metal or in the 
flesh, is a branch of communications engineering, 
and its cardinal ideas are those of the message, 
of the amount of disturbance or “ noise ” (a 
term taken from the telephone engineer), of the 
quantity of information to be transmitted, of 
coding technique and so on v [Scientific American 

*79 (>948) »4] 

NEED FOR HUMILITY IN SCIENTIFIC 
APPROACH 

Thi whole histpry of sdence should teach us 
to be on our guard against seeing in the latest 
scientific devices a model for the functioning of 


a living organism This is not to say that scien¬ 
tists should not make simple models, for much 
tq&y be learnt from them, but it would be wiser 
not to make very extensive dairas for them 
Scientific views of life have been notably 
ephemeral 

The moral of all this, if one may venture on 
a moral, would appear to be the desirability of 
a humble approach on the part of scientists to 
the problems of nature and life It may seem 
out of place to suggest humility at the present 
moment when scientists can point with pnde 
to fifty years of uninterrupted triumph in almost 
every department of science Yet scientists have 
often been willing to turn a blind eye to regions 
of experience which are inaccessible to their 
methods Their strength has lam in their willing¬ 
ness to do what lies to hand and patiently to 
work on simpler and hopeful problems without 
worrying very much about what lies beyond 
The fact is that the great advances m dealing 
with the ph} sicochemical nature of life have 
not done more than reveal something of the 
previously unsuspected complexity of the pheno¬ 
mena involved It is only twenty or thirty 
years since the important basic substances of 
living matter began to be isolated by scientific 
methods and their natures, considered as physical 
structures, are still largdy unknown A large 
number of proteins and enzymes have been 
isolated and purified, but we do not know the 
structure or mode of action of a single one 
Progress has been made in the separation of 
larger aggregates, such as nucleoproteins, virus 
bodies and other cell particles, but little is 
known of their construction and nothing of how 
they are formed We know little of the physical 
basis of reproduction and of the processes which 
control development and determine the form of 
complex organisms The nature of muscular 
action is still largely unknown and a beginning 
only has been made in the understanding of 
conduction in nerves The working scientists 
are well aware of the great problems ahead and 
how little is really known The picture given 
by the journalists and populanzen is often very 
different and scientists owe it to the public to 
attempt to balance it by stressing what is un¬ 
known rather than what has been discovered. 

J* A* V. Butler 
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Spectroscopy at Centimetre Wavelengths 

B BLEANEY, M A, D Phil, F R S 
Clarendon Laboratory, Oxford 


During the war the demand for ever-shorter wave¬ 
length! in radiolocation resulted in the reduction of 
the limit of radio technique* to about one centimetre 
wavelength This was achieved by the use of new 
type* of oscillator and detector, while the develop¬ 
ment of waveguide methods of handling radiation 
served as a reminder of the affinity between radio¬ 
waves and optics The latter was further emphasized 
by atmospheric effects in propagation, scattering by 
ram drops, and absorption by gases of the atmo¬ 
sphere Theoretical computation of these effects could 
not be completed without more exact experimental 
data, and the efforts of physicists were therefore 
directed into a new region of spectroscopy 

In the exploration of this region it was at once 
obvious that details of the spectrum would be 
obscured, not by lack of instrumental resolving power, 
for virtually single-frequency sources were available, 
but by mutual interactions of the absorbing mole¬ 
cules The energy of the electrical interaction 
between two molecular dipoles at a distance of 
io Angstrom units (A) is of the same order as the 
quantum of radiation energy, 2 x io~ 1( ergs for 1 cm 
wavelength Thus m a gas at atmospheric pressure, 
where the mean distance between molecules is 37 A, 
molecular interactions will cause the spectral line to 
be so broadened that its width is comparable with its 
frequency Fortunately, in a gas the wtermolecular 
distance can be increased by simply reducing the 
pressure, and other causes of Ime-broademng do not 
become important until pressures of about io-* mm 
of mercury are reached In a liquid, on the other 
hand, the mtermolecular distance is much less than 
10 A, and the molecular forces are sufficiently strong 
to destroy any rotational line spectrum, leaving only 
the well known Debye relaxation effect In the less 
viscous liquids, such as water, this produces an 
enormous absorption at centimetre wavelengths, and 
the characteristic relaxation tune can be determined 
In the solid, electric dipole effects arc very com¬ 
plicated, owing to the huge internal electric field, 
the latter has no first order interaction, however, 
with the magnetic moments associated with un¬ 
paired electron spins, which exist in paramagnetic 
and ferromagnetic compounds These spun are 
relatively free, and pre cea m an external field of a 
few kilogauss with a microwave (1 e centimetre wave) 
frequency, application of a perpendicular alter¬ 
nating magnetic field of this frequency will cause the 
spin to change its orientation in the steady field, with 


a net absorption of radio-frequency energy This 
phenomenon, paramagnetic resonance, may also be 
regarded as the Zeeman spectrum of the ionized 
atom in the solid state, the transitions being those 
between the Zeeman components of a single, initially 
degen er ate, atomic level 

In the application of microwaves to the study of 
the three states of matter, the spectra observed in the 
solid state are thus atomic in nature The same is 
true also of the remarkable atomic beam experiment 
of W F Lamb and R G Rbthkrfokd 1 on the fine 
structure of the hydrogen atom, which revealed the 
necessity for a correction to the accepted value of the 
spin magnetic moment of the electron, associated with 
its interaction with the electromagnetic field 1 In the 
liquid and gaseous states, on the other hand, the 
spectra are those of molecules Interest in the liquid 
state has somewhat declined, following the »*»*»*! 
post-war spurt* The gaseous field, however, has 
attracted a considerable volume of research, particu¬ 
larly in the United States, and its general nature and 
possibilities are well understood This article will 
therefore be confined to gases, though the work on 
paramagnetic*, after a later start, is of steadily 
increasing interest 

APPARATUS 

Centimetre waves may be regarded as the transition 
region between radio waves and infra-red radiation 
The spectra observed belong to the long-wave fringe 
of the infra-red, but the techniques employed are 
essentially those of the radio-engineer, with the modi¬ 
fications required by the shortness of the wavelength 
Radiation is generated by an electronic vacuum tube, 
usually a klystron, which produces oscillations con¬ 
fined to a band so small that for practical purposes 
they may be regarded as a single frequency They 
are detected by a crystal rectifier the action of which 
is similar to that of the conventional diode, it 
consists of silicon as a semi-conductor and tungsten 
as a whisker and is an improved form of the crystal 
detector familiar to early wireless enthusiasts The 
radiation is collimated within hollow metafile tubes, 
waveguides, which prevent spreading erf the beam but 
introduce an attenuation (of the order of 10 per cent 
power lots per metre of path at 1 cm wavelength) 
owing to resistive losses cm the walls 

With these tools the spectrotcoptst*s task would be 
simple if it were not for the e x t r eme weakness of the 
spectra to be observed A comparatively strong hpe. 
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such as the fundamental rotational hne of carboxy- A quicker method which forms the bans of present- 
sulphide (OCS), has an absorption coefficient of day systems depends on the fact that the absorption 

5 x io-\ that is, the power in a wave traversing the due to the gas vanes rapidly with frequency as the 

gas would decrease by only o 5 per cent in a metre latter is swept over a narrow spectral line Thus if 

distance Although this u small compared with the the frequency of the oscillator is vanrd up and down 
resistive losses on the wall of a waveguide, it can of at a low repetition rate {e g 30 c/i) the signal power 
course be differentiated from the latter by observing transmitted through a waveguide cell containing the 
the change in power transmitted through a length of gas will dip each tune the oscillator frequency passes 

guide on pumping out the absorbing gas By using a through an absorption line The resulting amplitude 

long length of guide as an absorption cell the modulation of the radio frequency signal can be 

absorption due to the gas can be made sufficiently amplified after rectification and the spectral hne 

large for measurement The drawbacks are, how- displayed on an oscillograph screen the time base of 
ever, the great loss of signal power, and interference which is synchronized with the sweep of the oscillator 

effects between small reflections in the guide , these Fxgwts 1 illustrates the principle of this method 

change when the gas is removed, owing to its finite 

refractive index, and obscure the absorption which The success of this method arises from its ability 
it is desired to measure These disadvantages are to separate the absorption due to the gas (through 

overcome by using a resonant cavity, consisting of a its sharp change with frequency) from resistive losses 

short length of waveguide closed by conducting walls on the walls of the guide Nevertheless its sensitivity 

half a wavelength apart The radiation is reflected is little better than the cavity method, allowing 

between these walls many thousand times before it absorption lines of about io~ # per cm 1/10 per cent 
decays, and a long effective pathlength is created power absorption per km, to be detected The 
Alternatively, one may think of the cavity as a tuned limiting factors are the excessive noise generated by 

circuit of which the damping or sharpness of tuning crystal rectifiers at low frequencies, and interference 

is altered by admunon of an absorbing gas, and between small reflections in the waveguide cell, which 

measurement of this alteration provides an accurate arc frequency sensitive because of the long path- 

method of determining the absorption coefficient of length (paths up to 10 metres have been used) 

the gas The method is tedious because the spectral 1 hese difficulties are avoided m a novel method of 
lines must be plotted out point by point as the R H Hughes and E B Wilson 4 , employing the 

frequency is changed It is inconvenient in searching Stark effect If an electric field of some hundreds of 

for unknown lines, because the sharply resonant volts/cm is applied to the gas the spectral lines, 

cavity must be continuously tuned to the oscillator which are otherwise degenerate with respect to their 
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orientation in the field, are split into a number of 
components, thus diminishing the absorption at the 
centre of the original line and increasing it elsewhere 
If an alternating electric field is applied a modula¬ 
tion of the RF power traversing the gas is produced 
provided that an absorption line is present By 
raising the rate of alternation (from 6 kc/s to 85 kc/s 
have been used) the excessive detector noise can be 
largely eliminated, since it decreases rapidly with 
increasing frequency of the amplifier following the 
detector The present limit of observation is an 
absorption of about 10“* per cm, or 10 per cent m 
1,000 km This is still some way from the theoretical 
limit, largely because of noise fluctuations in the 
centimetre wave oscillator itself If the frequency of 
the oscillator is again varied slowly the spectral line 
can be displayed on a cathode-ray oscilloscope as 
before, but to obtain the greatest sensitivity it is 
necessary to reduce the noise by using a very narrow 
band-width that is, the klystron frequency is swept 
very slowly over the absorption line, and the latter is 
obtained as a trace on a recording mill 1 voltmeter 
rather than on the oscilloscope 

SPECTRA OP OXYGEN AND AMMONIA 

Although the majority of microwave spectra arise 
Irom jumps between different rotational levels of the 
molecules, there are two odd spectra of particular 
interest, which are due to other causes The oxygen 
molecule contains two unpaired electron spins, 
giving it a magnetic moment which can interact with 
electromagnetic radiation These two spins can 
either be aligned parallel or perpendicular to the 
axis of the molecule, the magnetic interaction 
between them differs in energy by about a cm" 1 
(spectroscopic uniti*) in these two positions, since m 
one position the dipoles are end-on, and in the other 
broadude-on A subsidiary interaction with the 
magnetic field generated by the rotation of the 
molecule causes the energy difference to vary 
slightly with the rotational state, and an absorp¬ 
tion band around 5 mm in wavelength was pre¬ 
dicted by J H van Vlecx 1 and confirmed by 
R Bemnoer* The details of this band have not yet 
been resolved by work at low pressure, but it arouses 
considerable interest through the attenuation it causes 
in the atmosphere, amounUng to about a factor ten 
in a kilometre The atmospheric absorption, obtained 
from recent measurements by H R L Lamont’, is 
shown in Figurt *, together with theoretical values 
of van Vleck 

The second molecule is ammonia, which has the 
form of a low pyramid with the nitrogen atom at the 

* The mclrtaeopK unit of cragy ■ the quantum Aveorrapoodmg 
to a wavelength of one cenlimatn, 1 # Ap-fc/1 %>x io _l * «n tor 
1 — 1 cm, when k m Planck ■ constant and f W the velocity of Debt 
In these mitt the aoogy a therefore proportional to the reciprocal of 
the w a v elen gth, known u the wave number, * 


apGE and the three hydrogens forming a triangular 
base There are two equilibrium pontoons, one with 
the nitrogen above the plane of the hydrogens, the 
other with it below, separated by a rather small 
potential barrier As a result, the molecule u able 
to pan from one state to the other by turning itself 
inside-out like an umbrella In doing 10 it acts as 
an oscillating electric dipole with a frequency of 
about 23,000 Mc/s, wavelength 1 3 cm The 
existence of a strong absorption m this region was 
verified by the pioneer work of C E Cleeton and 
N H Williams* in 1934, using ammonia at atmo¬ 
spheric pressure 

Since this was much the strongest spectrum 
the position of which was known to he within the 
range of available oscillators, ammonia became the 
classic spectrum with which a number of investigators 
opened the attack on microwave spectra, using low 
pressures to obtain good resolution A considerable 
hne structure was discovered, due to centrifugal dis¬ 
tortion of the molecule, which alters the potential 
barrier and the frequency of vibration In Fxgm St 
which shows the spectrum observed at a pressure of 
1 2 mm of mercury, each lme belongs to a different 
rotational level More resolution is obtained by 
further lowering of the pressure and at about o 01 mm 
of mercury a hyperfine structure was discovered by 
W* £ Good 1 * Thu was attributed to a small 



Figm a, Absorption 1* At atmospknt dm to 
apgmt a* and 760 mm muti ny pr u tmt 
Two Amt t uol cwva an Atarn, on# auw am g 
a Hao-m 4 th ^wootor 1 , At stfar 
— frosmr* {tftorH R L Lmoa i 7 ) 
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summitry qf tht molecule moots round thi Doctor J [qfttr B BUartty and R P Penrose 9 ) 


interaction with the electnc quadrupolr moment, 
and the importance of such effects m the determina¬ 
tion of nuclear spins is discussed later Ammonia 
has also been used for the study of pressure 
broadening n * la , which is the dominant factor in line 
width, from 6 atm down to a small fraction of a 
mm of mercury Thus ammonia has been of great 
importance, though the pure rotational spectra have 
perhaps been more successful in yielding molecular 
data 

ROTATIONAL SPECTRA 

To have rotational transitions at frequencies below 
i cm -1 , a molecule must have a moment of inertia of 
the order of 100 X io* w gmcm* or more Thu 
excludes most of the simpler diatomic molecules, and 
tnatomic molecules containing hydrogen In con¬ 
trast, the heavier molecules which do not possess an 
axu of symmetry generally show a wealth of micro- 
wave lines which are difficult to analyse, since they 
arise freon transitions between the irregularly spaced 
higher rotational levels For this reason, the bulk of 
investigation has hitherto been concentrated on 
linear molecules, notably OCS, isomers such as OCSe 
and the halogen cyanides, or on simple symmetrical 
tops such as the methyl halides and their silicone 
analogues (A symmetrical top molecule u one in 
which two of die principal moments of inertia are 
equal) 

Tiie rotation energy of a linear ipolecule is 

JC7+i)*V 

87**1 


where J u the rotational quantum number and 1 is the 
moment of inertia In jumping from a state J — I 
to J, the molecule absorbs a quantum of energy of 
frequency 

Jh 

A ‘ 47t*I 

and measurement of v therefore determines the 
moment of inertia, I For a number of molecules 
measurements have been made on a sufficient 
number of isotopic species of the same molecule to 
evaluate all the inter-atomic distances and bond 
angles from microwave data alone. In spite of the 
bmall fractional change in mass between the isotopes, 
a high accuracy can be obtained through the great 
precision in frequency determination This is 
illustrated by Tabli J, showing the various lines for 
OCS, as determined by C H Townes, A N Holden 
and F R Merritt 11 


Tab It / Frequencies for Various Isotopic Forms, OCS 


Mokate 

Ffffwmy Mels 

Qlf Qll fctl 

04,39300 ± 0 oo 

0» G»S" 

B4/UO 01 

o * 9 O'S 11 

03,731 SS± 003 

Qll C 11 $** 

■4**47 

0*i c 11 S“ 

eMg* 

0“C u S M , 

■4,173 o ± l o 

o» C 11 s M 
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Since only two measurements are required to 
determine the interatomic distances, a number of 
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alternatives can be used to give a check on the theory 
Using four different pairs, the C—O distance u found 
to vary from 1 1559 to 1 16^7 A, and the C—S 
distance from 1 557b to 1 5653 A Errors m measur¬ 
ing the frequency could not account for these 
discrepancies and they are attributed to a real 
change in bond length for different isotopes Thu 
arises from the zero-point energy of vibration of the 
molecule, which changes slightly with the mass of 
the isotope, since this vibration means that the bond 
dutance u never exactly equal to the equilibrium 
value The change m bond length with isotope 
cannot be determined exactly from microwave data, 
since for each pair of isotopic species chosen the bond 
lengths must be assumed identical The errors which 
result are generally of the Older o 01 A 

Published data on molecular structure of the 
methyl halides and thur analogues is summarized in 
Table 1 I 9 that for the chlondcs 14 and 4 sihcyl bromide * 
(SiH,Br) 11 being derived entirely from microwave 
data, while in the other cases a combination of 
microwave and infra-red data is used 11 * 1? 


Table II Molecular Structure qf the Methjl Halides and 
their Analogues 


Mwltculs 

H — 3C Attmue 

Hehgtu 

-^X AftWftf 

HXH mil* 

CH,F 

I IO, 

(« 07) 

1 383 

(* * 9 ) 

no 0 

£H,ca 

f la 

(1 07) 

I7«l 

V *7 

no* 30 

GH,Br 

1 io 4 

i°7) 

1936 

(I Qi) 

I,0 I *5 

CH t I 

1 io. 

(107) 

a 139 

(j iu) 

no* 38 

SiH.Q , 

1 V> 

1 47) 

B048 

(Q 16) 

no* 37 

SiH|Br 

GeHaCI 

<S7 

15* i 

M7 

a H7 

3 ‘j 
(a 81) 

III* Off 

in* v 


X draotca O, Si or Go Distances in paremhm* are the ran of 
covalent radii 

These data show that the HXH angle differs but 
little from the tetrahedral angle, 109° 28', and the 
hydrogen-carbon dutance u practically equal to the 
sum of the covalent radix, the agreement being still 
closer if L Pauling’s u covalent radius for the carbon 
atom o 77 A u increased to o 79 A, as has been 
suggested by W J Gokoy 11 Thu would also reduce 
the discrepancy in the carbon-halogen distance, 
except for the halides containing lluonnc The latter 
u the most electronegative of all elements, however, 
and one may expect a considerable bond shortening 
due to resonance with ionic structure With silicon 
and germanium the halogen bond shortening has 
been attributed to an admixture of ionic and double 
bond character 14 

NUCLEAR QUADRUPOLE EFFECTS 

In atomic spectra the development of spectrometer 
with resolving powers of the order of 100,000 to 
1,000,000 revealed the praence of hyperfiqp structure, 
and made it neceaary to attribute to the nucleus a 



spin, measured as in the atomic case in units of hj 2 n 
Associated with thu spin u a magnetic moment 
some 2,000 times smaller than the electronic magnetic 
moment owing to the heavier man of the nucleus and 
ihe lower angular velocity for a given angular 
momentum Magnetic interaction between the 
electrons and the nucleus gives rue to a splitting of 
the order of io _1 cm“ 1 If such an effect were present 
in molecules microwave spectroscopy would be an 
exceedingly powerful tool for its analyiu, since 
splittings of thu order could be determined with an 
accuracy of about x in io* Such magnetic inter¬ 
action u absent, however, since the electronic shells 
of nearly all molecules contain no unpaired electrons, 
and hence have no magnetic moment An exception 
u Ot» but normal oxygen of mass 16 has no nuclear 
spin , if the rare isotope of mass 17, which has a 
spin I, u used, a considerable hyper fine structure 
should be observed Infra-red spectroscopy has 
therefore only been able to contribute to the deter¬ 
mination of nuclear spins through the alternating 
intensities they produce in band spectra 

Thu situation was completely altered by the dis¬ 
covery of Good 14 of a hyper fine structure m the 
microwave spectrum of ammonia The splitting 
amounts only to a few Mc/i (some io -4 cm" 1 ), 
which u much too small to be detected m the infra¬ 
red The explanation of thu effect 44 * 11 lies m the 
existence of a nuclear electric quadrupole moment in 
nitrogen, mass 14 

The existence of such a moment can be teen quite 
easily if the dutnbution of electric change in the 
nucleus u assumed to be non-sphencaL It u generally 
accepted that the nucleus has no elcctnc dipole 
moment, but if the shape iff the nucleus is a prolate 
or oblate spheroid, as m Figure 4, it can be re¬ 
garded as a combination of a sphere and a quad¬ 
rupole, the ngn of the quadrupole being positive 
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Complex kyperfme structure oj J / -► 9 rotational traasuum w d**CN The patterns under both low and 
high resolution are shown, wtih comparison with theoretical pattern assuming nuclear spm qf Q Bi is 3 I 2 (after C // Townes , 

A JV Holden and F R Merritt") 


if the nucleus u prolate and negative if it u 
oblate The quadrupole products a non-uniform 
electric field which foils off with the inverse fourth 
power of the distance, and produces a very small 
effect on the electronic motion The magnitude of 
this effect depends on the magnetic quantum 
number M of the nuclear spm lie the angle at 
which it precesses about the symmetry axa of 
the spheroid Since the quadrupole remains the 
same if reflected through the origin its interaction 
with the electrons is independent of the sign of Af. 
It follows that such effects are only observable if / 
is 1 or more, since for $ they will be the same 
for both powble values of Af, J and — t 
Mathematical analysis shows that 4 the interaction 
bet w een the quadrupole and the electrons is pro¬ 
portional to foe product of the quadripole moment, 


and the field gradient which the electrons 
produce at the nucleus Since this field gradient 
will rotate with the molecule, the interaction depends 
on the angle which the nuclear axis of symmetry 
makes with the axis of molecular rotation 1 e it is 
a calculable function oil, J and their vector sum F 
For a given value of J, F can take on a/ 4- 1 values, 
and in a rotational transition a complex fine structure 
is observed from which the value of the nuclear spin / 
can be found A complicated spectrum where two 
of the nuclei have quadrupole moments is shown in 
Figure 5 Table III gives a list of nuclear spins which 
have been either a first measured correctly or b con¬ 
firmed by microwave tpectroscopy 

The last three atoms in this table are radio-active, 
and illustrate a valuable feature of the method in that 
only very small quantities of material are needed, the 
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observations being necessarily made at pressures of 
the order of o oi mm of mercury It should be 
noted also that in a number of other cases, for 
example 11 , S 34, Se 74, 76, 77, 78 and 80 the 
absence of any observable hyperfine structure leads 
to the conclusion that the spin is 0 or £, according to 
whether the nuclear mass a even or odd Of course 
such negative evidence may not be final and the 
value of t for Se 77 has been queried by J £ Mack** 

Although the spin u determined unequivocally 
from the nature of the hyperfine structure (apart 
from the exceptions mentioned) the magnitude of the 
quadrupole moment is not, although the quantity 
tQXd^/dx 1 ) can be measured accurately The 
difficulty lies in estimating the electric field gradient 
at the nucleus, d'V/dx 9 , which depends on the 
electron cloud distribution in the molecule Thu 
varies considerably according to whether the binding 
u ionic 01 covalent, for example a pure ionic binding 
resulting in a closed shell of electrons round the 
nucleus would make d'V/dx* zero 

Townes has pointed out that reasonable estimates 
of the field gradient can be made for pure covalent 
bunding with a ^orbital, using atomic data Further¬ 
more, the magnitude of the observed hyperfine 
splitting can be used to estimate the ionic and covalent 
contributions to a hybnd bond 14 Thus the develop¬ 
ment of an adequate theoretical treatment of thu 
topic would assist in the determination both of 
nuclear and of chemical bond data 

CONCLUSION 

From thu bnef review it u apparent that microwave 
spectroscopy has already been of great service to the 
nuclear physicist and to the structural chemist 
Hitherto it has been confined to molecules with fairly 
simple structure, since otherwise the mathematical 
difficulty of the exact analysts required becomes 
immense, Thu feature seems likely to continue in 
the immediate fViture, and to result in the use of 


compounds which are evil-cmeUmg or explosive 
(or both) as the physical strives to incorporate new 
nuclei in molecules with a reasonable vapour pre w ire 
If methods for very rapid preparation of suitable 
molecules are developed, the spins of radioactive 
nuclei of fairly short half-lives can be determined, 
One may note here that the discovery of hyperfine 
structure in the solid state by R P Penrose 11 , 
using the method of paramagnetic resonance, is 
likely to afford a complementary microwave method 
for the spins of nuclei not easily accessible to the 
gaseous technique The spec tr oscopic values for 
Cu 63 and 65, Go 59 and Mn 55 have already been 
verified by this method* 

The paramagnetic resonance method involves 
transitions between the different orientational energy 
levels of an ion in a magnetic field if it u a Zeeman 
effect Magnetic fields have not been used much m 
gaseous spectroscopy, since only very small splittings 
are produced by their effect on the nuclear magnetic 
momenta C K Jen” has investigated the com¬ 
plicated spectrum produced by a magnetic field 
when an initial hyperfine structure due to the electric 
quadrupole interaction 11 present, and W Gordy, 
O R Gilliam and R Livingston 4 * have used this 
method to determine the ratio of the nuclear 
magnetic moments of I uv and I 1|y 

The electric dipole moment of a molecule may be 
determined from the Stark splitting of its spectrum 
line, provided that a uniform electric field can be 
applied T hu method has been used with a number 
of molecules by C H Townes, R G Shuluan and 
B P Dailey * 1 The Stark pattern is also of great 
assistance in sorting out complicated spectra from 
asymmetrical top molecules, such as sulphur dioxide 4 * 

Another aspect of microwave spectra which will 
occur to the reader is the poaibility of their use for 
spectroscopic analysis In thu connection a table of 
microwave Unci, containing their frequencies, in¬ 
tensities and other relevant data, is being prepared by 
C H Townes and P Khuuk, and will be published 
by the Bureau of Standards Since no data are yet 
available on more complex polar molecules, which 
generally will have very many lines in the microwave 
region, it seems that tjbe simplest analytical use 
would be to detect the p r es en ce of small concen¬ 
trations of a given substance This would enable the 
•search band to be restricted very considerably, and 
the highest sensitivity maintained, which otherwise 
a difficult m sweeping over a wide frequency range 
In awesting the value of this method an important 
difference must be noted depending on whether the 
substance under investigation a admixed with other 
gases or not In the latter state it a a feature of 
prewire broadening that the intensity at the centre 
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of the hot n independent of the pressure as the 
preMure u reduced* the only effect on the line is 
that its breadth decreases in proportion This 
situation holds until other causes of broadening 
become important at about 10" 1 mm of mercury 
below which preamre the width will remain constant 
and the intensity decrease If the substance u mixed 
with other gases* and the total pressure altered* the 
same behaviour holds, but the intensity is reduced 
in proportion to the fractional concentration of the 
substance The analysis would then be earned out 
at a total pressure of about io~* or io _# mm of 
mercury* to obtain the required resolution As 
an example, a spectroscope of sensitivity io-* per cm 
(the present limit) could detect OCS present in other 
gases in a relative concentration of a x io~* , if 
the foreign gases are non-polar and hence produce 
less broadening this figure could be improved by a 
factor ten or 10 
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Recent Advances in Estimation of Vitamins A 

V H BOOTH*, Ph D 

Dunn Nutritional Laboratory, Univeruty of Cambridge and Medical Research Council 


T« fanoluble vitamin a family u mostly assayed biological method* in use today have been evolved 
by pfayneoehemMal mean* although bio-away* are m eountlem tmall *tep* by numerous worker*. So m e 
(till nnrrmry tat certain work The c h e mi cal and of the more recent step* are dimmed m the present 

Tbde. 
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SYNOPSIS or PHYSICOCHEMICAL ESTIMATION 

Chemical assay of the vitamins a in biological 
material is done in five stages comminution of the 
tissue, extraction of the vitamin into a convenient fiat 
solvent, transference to a more suitable solvent for 
its estimation, removal of interfering substances, 
and absorptiometry or colorimetry Sometimes the 
first is unnecessary or the first and second are done 
concurrently, and in a few methods the third is 
unnecessary In special cases the fourth is omitted 
The last stage covers ultraviolet absorptiometry and 
includes preparing a coloured derivative where 
necessary The vitamin A family comprises two 
groups axerophthoids (of animal origin) and 
carotenoids (of plant origin) Although the same 
broad principles of analysis apply to each group, 
details differ, the groups are therefore treated 
separately 

CHFMIGAL DETERMINATION OF AXEROPHTHOL 

Oils nch m vitamin a 4 may be dissolved in chloro¬ 
form or other fat solvent for direct determination but 
most oils must first be saponified to remove interfering 
fat 1 Published methods for saponification usually 
begin by heating with ethanol and aqueous potas¬ 
sium hydroxide 1 , these methods have not changed 
much in twenty yean 

Other material than oils must be disintegrated 
before the vitamin can be extracted The commonest 
procedure 11 digestion with alkali, which both breaks 
up the tissues and saponifies fats, followed by extrac¬ 
tion with ether, the ether is then evaporated and the 
residue is dissolved in chloroform The method of 
hand grinding, sometimes with sodium sulphate to 
abstract water, has always had its supporten The 
Waring blender is coming into increasing use for 
comminuting tissues, but the homogenate or its 
extract often requires saponifying to remove fat, 
and, according to S Y Thompson, J Ganguly and 
S K Kon*, ' blending * must be done m an inert 
atmosphere G H Benham 1 discussed the accuracy 
of vitamin a determination and gave a useful biblio¬ 
graphy He considered that inaccuracy was due less 
to destruction of the vitamin than to faulty extrac¬ 
tion, incomplete separation of liquid phases and 
inadequate washing of the sodium sulphate used in 
drying ethereal solutions Full details of several 
techniques for extracting vitamin a have been given 
m textbook form 1 Detailed directions for extracting 
and estimating vitamin a are also given by W J 
Dann 4 , a pioneer in this field 

In blood the vitamin 11 believed to be combined 
with protein* The combination is easily broken with 
ethanol after which the vitamin may be extracted 
into light petroleum and chromatographed. Hence 


treatment of blood fractions with ethanol and light 
petroleum forms the basis of most methods, for 
instance that of S Yudkin* Milk may be treated 
similarly to blood* A method for estimating vitamin 
A in a tingle drop of blood has been described* 

COLOUR REACTIONS OF VITAMIN A 

The vitamin having been brought into solution in 
chloroform is next assayed by physical means The 
method of estimating vitamin by the blue colour 
produced with Carr-Pnce reagent (antimony tri¬ 
chloride in chloroform) is still widely used in spite of 
disadvantages The reagent emits corrosive fumes 
With moisture it forms opaque deposits on cuvettes 
The colour quickly fades but the maximum can be 
detected photoelectrically Various authors recom¬ 
mend storing the antimony trichloride reagent in 
amber bottles although J R Edisbury 1 indicated 
that colourless bottles shrouded in black paper cause 
less spoilage H Tastaldi* found that reagent 
concentration, temperature and other factors were 
not critical but that the chloroform must be pure if 
used more than two weeks after distillation great 
errors may result 

A E Sohkl and H Werbin 14 proposed the use of 
glycerol dichlorohydrm (1,3-dichloro-a-hydroxypro- 
panc) which forms a purple colour (maximum absorp¬ 
tion at 555 mp) with vitamin a, and its congeners 
The reagent is unaffected by moisture, is not corro¬ 
sive, and the colour persists for ten minutes These 
three considerable merits are partially offset by five 
lesser dements the reagent must be activated by 
dualling from antimony trichloride, the activity 
vanes with time and among batches, the colour 
intensity u one quarter of that produced by antimony 
trichloride, and it requires three minutes for develop¬ 
ment D D Penxeth 11 avoided distillation from 
antimony tnchlondc by simply adding hydrochlonc 
acid , he considered that the activation was caused by 
hydrogen 10ns By using both antimony tnchlondc 
and 1,3-dichloro-a-hydraxypentane together the per¬ 
manence of the blue colour has been increased 11 

With neither reagent is the colour specific to 
vitamin a but colours are given with carotenoids and 
other compounds present in the fht-free extract or un- 
sapomfiable fraction, although Tastaldi claimed to 
remove interfering substances from shark liver oil by 
a saponification technique M Lodi 1 * removed 
impurities from the unsapomfiable fraction of 
margarine by crystallisation from methanol at low 
temperature The fact that several procedures have 
been propo se d 14 - 1 * to correct for die contnbution by 
carotenoids suggests that correction is uosatiActory. 
Hus is partly because the magnitude of the correction 
vanes with the source of the extract. The problem is 
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presented in severe form in butter and mixed feeds 
The better procedure 11 not to correct for carotenoids 
but to remove them, then to isolate carotene and 
determine it separately from preformed vitamin a. 
For this purpose carotenols (hydroxycarotenoids) are 
easily separated from vitamin a esters Esters can 
be hydrolysed and the free vitamin a separated from 
carotene Carotenols are not so easily separated from 
free vitamin a for both have similar adsorption 
affinities, but they have been separated by applying 
ngorous care Various chromatographic procedures 
have been proposed for these separations, such as 
chloroform in light petroleum with defatted bone 
meal 1 *, alumina 1 *, and calcium hydroxide** M L 
Cooley, J B Christiansen and R C Koehn * 1 
assumed that vitamin a u present wholly m ester 
form and separated it from carotenoids with magnesia 
H R Gama and T W Goodwin 11 measured the 
antimony trichloride blue at 617 mp. at which wave¬ 
length p-carotene is excluded , there is however risk 
of damage to the spectrophotometer by antimony 
trichloride fumes 

Other colour tests for vitamin a have been proposed 
including the use of diphcnylamine with feme 
chloride**, * acid earths 1 and superfiltrol* 14 P 
Meunier** studied the theory of colour production by 
the vitamins a He suggested that the colour is pro¬ 
duced by the shift in conjugated double bonds when 
the chromogen combines with the substances men¬ 
tioned above A history of colohr tests 1 * appeared in 
1946 In spite of disadvantages the antimony tri¬ 
chloride test remains the most popular and according 
to some workers 1 ** 17 is more accurate than other tests, 
including ultraviolet absorption, for certain oils and 
foods M E Chiloote, N B Guerrant and H A 
Ellenbsroer** compared the antimony trichloride, 
dichlorohydroxypentane, ultraviolet and rat growth 
methods for twenty eight fish oils Their tables offer 
a nch substrate for statistical analysis 

ultraviolet spbgtrometry 

The principal alternative test for determining vitamin 
a in solution uses the absorption of ultraviolet light 
(at 398 mp) Photographic recording of the absorp¬ 
tion » tedious and not so accurate as photoelectric 
The Beckman quarts spectrophotometer has facili¬ 
tated the application of ultraviolet methods 
Although all -fraar carotenoids cause negligible 
inte rfer ence, other substances present in the un- 
sapomfiable fraction of fish oils absorb ultraviolet 
light, which complicates vitamin a determination By 
measuring the extinction at wavelengths at which the 
absorption fay other substances is much greater than 
by vtounin a, ooq,oa each side of 328 mfL, R A 
Morton and A L Stubbs 1 * corrected for the so- 

* Sop«rffitrol fa A MfaoatMDt mad* Aram a htmhmnn 

at Beats 


called irrelevant absorption Later B L Osbr m 
proposed a simpler alternative procedure Ultra* 
violet light destroys vitamin a , this fact has been 
exploited* 1 * 11 by measuring the extinction before 
and after prolonged irradiation and taking the 
difference, thereby allowing for unspecific absorption 
J Awapara, F H Mattson, J W Mehl and 
H J Deuel 11 determined the extinction of a crude 
extract, removed vitamin a on flondin, re-determmed 
the extinction and estimated vitamin a by difference 
Ideally, interfering substances should be removed 
before determining the vitamin a and this is most 
cleanly done chromatographically N T Gridge- 
man, G P Gibson and J P Savage * 4 used alumina 
and polar solvents to separate unsapomfiable com¬ 
ponents seriatim into up to thirty four fractions 
Each fraction was spot tested with antimony tri¬ 
chloride and those contiguous fractions giving the 
proper vitamin A blue were pooled for ultraviolet 
extinction measurement A similar method** used 
weakened alumina and light petroleum instead of 
polar solvents The geometric method is quicker but 
the separation method u more exact provided the 
manipulations are skilfully performed _ 

Sometimes it is desirable to estimate the free 
alcohol (axerophthol) and the estenfied forms of 
vitamin a separately The method of partition 
between light petroleum and aqueous alcohols is 
obsolescent H Sobotka, S Kann and W Winter- 
nttz** exploited the different rates of fading of the 
fluorescence of the alcohol and the ester to determine 
their proportions Other workers have separated the 
two forms chromatographically using for instance 
alumina with polar solvents in light petroleum l * IT ‘ 4 *, 
bone meal with chloroform in light petroleum 
followed by acetone 41 , and magnesia with chloroform 
in light petroleum 41 

Vitamin a* which occurs m the livers of certain 
fresh water fishes and which has been isolated and 
studied by E M Shantz 41 , can be estimated 
similarly to vitamin a x except that the antimony 
trichloride colour or the ultraviolet absorption must 
be measured at different wavelengths from those 
associated with vitamin A t 

EXTRACTION OF CAROTENE 

The technique of carotene estimation has changed 
radically during the past eight yean A major 
revolution concerns extraction The once popular 
alkaline digestion, with its danger of destroying 
carotene, 11 passing into desuetude Vegetable tissue 
11 now macerated mechanically and the carotene is 
extracted directly into acetone, ethanol, light petro¬ 
leum or into mixtures Heat is desirably avoided 
at all stages because it favours tsomenxatkxi Cu 
isomers of the carotenes have lower extinctions 
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(colour intensities) than the predominantly occurring 
all-Jrw forms Isomerization would therefore result 
m underestimation of the original carotene. 

New methods or modifications for carotene deter¬ 
minations are frequently p ropos e d Many are too 
lengthy for regular use One of the simplest 11 that 
in which very small samples are quickly ground with 
quarts under a mixture of light petroleum, acetone 
and quinol in a small beaker 44 The Waring blender 
and its imitators are much used, a popular method 
bong that of L A Moors and R Ely 44 , who 
extracted with a foaming mixture of ethanol and 
light petroleum Disintegration and extraction were 
achieved concurrently in the blender and the foam 
minimized splashing Although the blender elimi¬ 
nates hand grinding, Moore's application of it 
involves so many manipulations of solutions, since 
ethanol is difficult to remove cleanly from light 
petroleum, that in a comparative test V H Booth 4 * 
found the beaker method considerably faster in 
preparing extracts Acetone 11 preferable to ethanol 
for subsequent removal from light petroleum and 
has been used in the blender 47 , but, m the author's 
experience, acetone leads to destruction of carotene 
during blending Evidence has also been found of 
oxidation of protein 4 * during homogenisation m the 
blender Nevertheless, used with circumspection, 
the blender is invaluable for large or bulky samples 
More carotene was extracted from alfalfa meal 4 * in 
a Bailey-Walker apparatus than by one method 1 * 
using a blender The water present m biological 
material hinders extraction but may be withdrawn by 
grinding with anhydrous sodium sulphate Thu 
well known tnck, in spite of the hard work it involves, 
has been adopted by many including T B Mann 11 
and B Bengze 11 A Srxxnivasan and R M 
Vaidya 11 ground leaves with quartz and cyanide, 
then added anhydrous sodium sulphate and ground 
again, pigments were extracted with warm light 
petroleum The same values were found for carotene 
in leaves by thu method as by that of M E Wall 
and E O Kelley 1 * H, W Berxhout and G H 
Jonoen 1 * have described a machine for eliminating 
hand grinding which avoids such disadvantages of 
the blender as having the cutter shaft pass through the 
bottom of the macerating vessel Biochemuts how¬ 
ever are usually shy of apparatus which brings 
vitamins into contact with copper, and one would 
like to see the apparatus made of stainless steel 

In the tunnel technique for carrots 14 small cylinders 
were removed with a borer, measured and quickly 
extracted with cold petrol-acetone fay grinding with 
quarts m small beakers. Measuring ts quicker than 
weighing and equally accurate, and because the 
carrots survive the assay they may be replanted for 
seed production* 


Carotene, however extracted, is required in light 
petroleum for subsequent treatment Generally this 
necessitates removing acetone or other polar solvent. 
Some workers evaporate and re^lissolve in petroleum, 
although thu is risky because carotene n vulnerable 
to oxidation when out of solution Water-soluble 
solvents may be washed away leaving pigments in 
light petroleum, but washing by shaking solutions in 
separating funnels is laborious and entails some loo 
although it u still being recommended A L 
LeRosrn 11 designed an attachment for converting 
separating funnels for automatic washing An 
S-tubc 44 u simpler and avoids nsk of Ion through air 
leaks 

Green leaves contain a system which destroys 
carotene when the leaves arc damaged and up to one 
quarter of the carotene may be lost from pulped 
leaves in six minutes 44 Relatively few authors 
recognise that precautions should be taken to pre¬ 
vent losses during manipulations, although some 
recommend blanching (immersing m boding water) 

In the author's experience blanching u not only un¬ 
necessary when extraction is done immediately with 
petrol-acetone-quinol but, if continued for more than 
two minutes, may destroy some carotene 

EXTRACTION FROM DRIED GREEN GROP llEAL 

Because prices of dried grass and lucerne (alfalfa) 
meals are based upon their carotene content much 
attention has been paid to its estimation The 
greater difficulty of extracting carotene from dried 
than from fresh leaves has been discussed by F P 
Zscheile and R A Whitmore 41 , who modified 
M E Wall and E G Kelley's m method, and by 
V H Booth** The simplest technique for extracting 
dried leaf meal is to soak it in light petroleum for 
two dayl or longer So much time however can ill 
be spared A rapid yet elegantly simple technique 
has been devised by J R Edubury and tested by a 
collaborative committee** The meal a heated with 
petroleum of boiling range 80 to ioo # C in a long 
necked flask on a water bath at 90°C for an hour, 
cooled, and the extract decanted directly on to a 
chromatographic column There m no polar solvent 
to be removed 

CHROMATOGRAPHIC ADSORPTION ANALYSIS 

The other mqjor revolution m carotene estimation 
was the tupercemon of phasic separation by chroma¬ 
tography for removing non-carotene pigments. 
Chromatography is more specific in its separatum of 
the pigments, n foster than phasic separations and * 
saponification of extracts is usually unnecemary. 
Several adsorbents are in use Dicakium phosphate” 
m popular, and bone meal u behaves sinulariy. 
Kiredgohr” » readily available although its spea 
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fiaty is low Catoum hydroxide was prefare d by 
M vAif EBbiiw, C Engel and A Bos 9 * who com¬ 
pared it with other adsorbents B Bemcze 41 pre f e r red 
cakium carbonate O, Rtbeiro 44 prepared a mag¬ 
nesium carbonate which separated lycopene from 
carotene ^Magnesia and alumina are more specific 
in removing non-carotene pigments Alumina is 
hygroscopic and moisture affects its adsorptive power 
but it may be stabilized by mixing with anhydrous 
sodium sulphate 44 Magnesia is one of the most 
convenient adsorbents for separating a-, (}- and y- 
carotencs as well as for distinguishing between their 
as-tr&ns isomers 

Percolation through some powders is too slow for 
routine determinations even when suction is used 
The rate may be increased by admixing a filter aid 
€ g kieselguhr, or, where dilution cannot be tolerated, 
by applying gas pressure above the column 41 
Alternatively, radial percolation can be hastened in 
the chromatofuge 41 by leading the solution into the 
centre of a rotating drum of adsorbent 

In one variant of the chromatographic technique 
for purifying carotene the pigments are all adsorbed 
at the top of a tube of powder, and carotene is then 
eluted as a separate visible band by a polar solvent 
such as benzoie or acetone dissolved in light petro¬ 
leum In another variant only the non-carotenes are 
adsorbed while carotene panes straight through into 
the filtrate this method is the simpler but it is not 
so easy to see what is happening 

A recent booklet 44 provides an excellent intro¬ 
duction to chromatography and contains a useful 
bibliography H H Strain 44 has reviewed recent 
progress in chromatography An examination of 
several developers indicated that anethol in light 
petroleum 44 produced the widest separation of 
carotenes on a chromatographic column 

SPECTROPHOTOMETRY 

The vitamin, or a coloured derivative, being m 
solution tt best determined absorptiometncally or 
oolonmetncally R. J Taylor 44 has written a 
dissertation on abridged spectrophotometry with 
special reference to carotene determinations in a 
plunger colorimeter However the commonest type 
of abridged spectrophotometer for vitamin a and 
carotene determinations is the photoelectric absorp- 
ttooeter using a filter. Photoelectric colonmeten 
are not so foolproof as visual instruments but they 
obviate observer errors m colour matching Null 
point or compensated twin photocell instruments, 
daps* apparent advantages, are not so favoured as 
direct reading instruments Tbe lattftt are invaluable 
for detecting the maximum for a quidng Ceding colour 
such as axerophthoid antimony trichloride blue 


Dye filters pass a wider spectral band than desir¬ 
able Consequently edge-light passes through the 
vitamin solution and the overall response is not 
linear, thereby limiting the measurable range of 
concentrations Interferenoe filters pass a narrower 
waveband, but they must be accurately mounted and 
illuminated with parallel light Each vitamin 
requires a specific filter However an alternative to 
a set of filters is a diffraction grating of which the 
spectral selectivity lies between thote of the dye filter 
and the interference filter and which supplies light 
of any desired mean wavelength by turning a 
knob 

Where much narrower spectral bands arc required, 
for determining absorption curves or for distin¬ 
guishing between such similar pigments as a- and 
(3-tarotenea, a prism spectrophotometer is required' 
Visual and photographic instruments are being dis¬ 
placed by photoelectric spectrophotometers The 
current from a photocell illumined with the small 
light flux in a narrow spectral band cannot be 
detected directly but must be amplified The Beck¬ 
man DU, the Umcam and the Hilger Uvtspek are null 
point amplifier spectrophotometers of this type and 
can be used over the approximate range 200 to 
800 mp 

CALIBRATION AND CONVERSION FACTORS 
Non-absolute instruments (abridged spectrophoto¬ 
meters) must be calibrated, preferably with pure 
axerophthol or its acetate, or phenyl azo-£-cresol 4T , 
and with carotene respectively Pure ( 1 -carotene is 
the obvious calibrant for the latter group but it it 
tedious to prepare and there is danger 41 of its absorb¬ 
ing alcohols of crystallization unless rigorously dned 
Fortunately commercial preparations containing 
88 per cent (3- and 11 per cent a-carotene are easily 
obtainable and are satisfactory for calibration 
Individual absolute instruments (spectrophotometers) 
need no calibrant, the conversion of extinctions to 
international units (1 u ) or mg being a matter of 
simple proportion given the extinction of the appro¬ 
priate pure vitamer An acceptable value for the 
extinction (E, 1 per cent 1 cm, 430 mp) of 0 -caro¬ 
tene in hexane is 2,500, although as technique 
improves and punty increases this value rises and 
the true value probably approaches 9,600 The 
controversy on the conversion factor (extinctions to 
1 u) for axerophthol has been discussed by N T. 
Grxdgembm 44 and by H. A. Ellenbeboer, N. B 
Guerrant and M E Chilcotr * 4 who give references 
to other d i s c us si o n s. It is earnestly hoped that a 
definitive factor has been agreed upon at the recent 
meeting*Of the international standards committee 
the report of which h awaited with interest 



Research 3-11 


v. h. booth Recent Advances m Estimation of Vitamins a 


LIMITATION OV OHBM1GAL ASSAY AS 
CRITERION FOR BIOLOGICAL VALUE 

One problem in the ch«mr*l es timation of vi tamin a 
» posed by the very extensiveness of the family of 
a-vi tamers The family includes axerophthol (vitamin 
At) and its esters, vitamin a* the retinenes, numerous 
synthetic derivatives, three carotenes, several 
hydroxy carotenoids and their esters, and poaibly 
other compounds not yet characterized (P Le 
Gallic 71 for instance postulated in rat blood a 
vitamin a active substance which is not detected by 
the usual chemical tests) Moreover each of these 
compounds may exist in several cis-trans forms, some 
of which have been isolated by L Zeghmehtbr 71 
fluid others The biological activity vanes from 
vitamer to vitamer Fortunately the all-froar forms 
of axerophthol (and its esters) and of (1-carotene 
predominate in nature Hence the concentration of 
axerophthol and/or (1-carotene usually provides an 
estimate of the vitamin a value of a food Neverthe¬ 
less certain foods may contain other vitamers # g 
a-carotene, kryptoxanthol, vitamin a,, which may 
or may not be excluded by the analytical technique 
Alternatively part of either may be present in a m 
form having low biological value The obvious 
course for calculating vitamin potency u to analyse 
the mixture and sum the products of the concentration 
of each vitamer by its vitamin a value A beginning 
has been made for carotenoids 7 ** 74 but for axrro- 
phthoids the procedure is only hinted at" The pro¬ 
cedure 11 complicated and, through losses in 
chromatographic separation of small quantities, 
uncertain biological values etc the accuracy attain¬ 
able scarcely justifies its use 

BIO-ASSAY OF VITAMIN A 

Another approach to the problem of determining the 
vitamin a potency of a complex is offered by the 
biological test The rat growth method is most 
commonly used for vitamin a (here used in its 
general sense to embrace alf a vitamers including 
active carotenoids) Thu method u described by 
K H Coward 7 * and although improvements have 
been adopted the principle has remained the tame 
for many yean A noteworthy change is the m- 
sutence on giving the rats adequate vitamin b to 
fulfil the standard requirement of vitamin assayi 
that the basal diet shall contain optimal amounts of 
all known eaentiali except that under test without 
this precaution one may be measuring not vitamin a 
in the test substance but the combined effect of 
vitamins a and b owing to their synergy" K 
Guggenheim 77 purponvely measured th« combina¬ 
tion by the rat liver storage m e t hod and listed 
biological values for the carotene in various foods 
It would however be more useful to evaluate vitamins 


a and b separately Chicks have been claimed to 
compare favourably with rats in growth methods"*" 

The computations for the tno-assay'MMi are 
based on comparing the difference m response 
between two suboptimal doses of the unknown with 
the difference in response between two suboptimal 
doses of the standard 

N T Grxdobman* 1 gave a detailed criticism of 
the bio-assay For forty rats per growth test dosed 
for four weeks he assessed the limits of error (at 
P “ o 95) at 67-149 per cent He considered that 
ultraviolet spectrometry u better than bio-assays 
for routine estimation of vitamin a in fish oils 
Nevertheless the relative vitamin a activity of the 
derivatives and isomers of axerophthol and of 
(1-carotene, natural or synthetic, must be determined 
biologically Moreover the vitamin value of any of 
these vitamers as they occur in foods is not always the 
same as in oil and*can only be found by biological 
test 

There are alternatives to the growth method 
J Mayer and W A Krehl" found that the growth 
efficiency t e weight gained per weight of food eaten, 
is so regular an index of vitamin a deficiency that its 
measurement might serve as a hasis for bio-assay 
Alternatively the axerophthol in rati’ livers may be 
determined after ingestion of the test material The 
method has been u*ed for comparative ^esuJti 7,, •*“ l, 
and details of one technique have been given by 
K Guggenheim and W Koch 11 J R Foy and 
K Morgareidge" 7 compared \ it advantageously 
with growth tests for fish oils Liver method rats are 
healthy because the vitamin a intake is optimal 
whereas in the growth test the doses arc suboptimal 
and the rats are vulnerable to infection which makes 
response erratic Moreover, the basal diet need not 
be so rigorously free of vitamin a , neither dosing 
date nor level is so critical as in growth tests, and 
dosing may be completed m a shorter time A dis¬ 
advantage of the liver method is that very large doses 
arc necessary and this excludes any but rich materials 
It is well established that a-carotene and krypto¬ 
xanthol have half the vitamin activity of B-carotene 
in growth tests On the other hand R M Johnson 
and C A Baumann* 4 observed that a-carotene had 
&5 per cent and kryptoxanthol had 100 per cent of 
the liver storage activity of (1-carotene (Other 
references are given") Moreover the vitamin a 
value of carotene in carrots 11 is about half that of 
carotene in oil when growth is the criterion but about 
equivalent when liver is the criterion Further there 
may be many substances which, like vitamm a aad", 
support growth but do not lead to liver storage. 
Ncvertheleu the advantages of the liver method 
warrant its development to overc om e the disadvan¬ 
tages and to elucidate these anomalies 


SO® 




v. H. booth Recent Advances in Estimation of Vitamins a 


Rtsttsrch 3-11 


It is universally agreed that neither thC inter¬ 
national standard ( 3 -carotene nor the US Pharma- 
coptta reference cod liver oils are satn&ctory standards 
Axerophthyi acetate u already used m LJ S A and 
elsewhere as an alternative to B-carotene Agree¬ 
ment is urgently needed on how much of this 
standard comprises an international or other unit 

Ultimately the knowledge of vitamin values of 
foods is usually required for application to human 
needs It is doubtfbl whether findings with rats can 
be exactly applied to man Man is the obvious 
experimental animal and in spite of grave dis¬ 
advantages has been used for vitamin studies In a 
carefully written report of a large scale experiment, 
E M Hume and H A Krebs * 1 concluded that 
dark adaptation and rod scotometry are the best 
criteria for assessing vitamin a status in man 


ESTIMATES OF ACCURACY AND DESIGN OF 
EXPERIMENTS 

Ten yean ago the only statistic usually calculated 
from chemical assays of vitamins was the mean, 
although relatively elaborate computations were 
made to obtain the mean from bio-assays Now it is 
recognized that the mean is not enough and even a 
statement of the range of values is of little more use 
An evaluation of variation among samples is required 
and statistical tests of the significance of differences 
between means are regularly made Experiments 
can be, and nowadays should be, so designed as to 
facilitate computing these statistics Moreover m a 
properly designed bio-assay fiducial limits of error 
arc computed for a given level of probability Future 
trends will doubtless be towards ever more exact 
assessment of the accuracy of published values 
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Stereochemistry of Cyclohexane 

O HASSEL, Dr Phil 
Department of Chemistry, University of Oslo 


Substances containing six-member ed rings the 
atoms of which are linked together by single bonds 
occur in nature, and many of them are of considerable 
importance to biochemistry A detailed knowledge 
of the stenc configuration of this class of substance 11 
of fundamental interest, however, not only to bio¬ 
chemistry but to chemistry m general 

If the vati*t Hoff-Le Bel concept of the tetrahedral 
valency angles of carbon is accepted, it 11 clear that 
the carbon ring in epdohtmnc cannot be planar but 
that we have to accept the models discussed 
by Saghb and by Mohr We are there fo re 
concerned with two pooibilitiei / a * rigid 1 centro- 
symmetncal nog, the 1 staircase * or 1 chair * form, 
and a a ‘movable 1 form which in one extreme 
position is well known to all chemists as the ‘ tub * or 
‘ boat 1 form 

Although chemists seem to have accepted these 
ideas about the carbon skeleton of oefehexane and 
its derivatives the discussion of stereraomeram has 
generally been based on the concept of a planar ring ; 
it must be admitted that no serious difficulties in 
explaining the number of stereoisomer* corr e sponding 
to a given structural formula have thus arisen This 


of course u the chief reason why organic chemists 
until recently have not been very much interested in a 
more detailed study of the stereochemistry of qydcb 
hexane and related substances 

INITIAL RESXAROHBS 

The first instance in which modern physical methods 
yielded more direct information on the spatial 
arrangement of the atoms of a cyclohexane derivative 
was that of (3 hcnranc hexachionde and the corre¬ 
sponding hexabronude Here 1 x-ray crystallographic 
examinations suggested very strongly that the carbon 
ring has a form very similar to that of the 4 staircase ’ 
mo d e l and that the remaining valency angles are 
also distributed in conformity with that model 
S B HawpaiOKS strewed the nccoaty of a revmoa of 
the general treatment of the stereochemistry of 
pcfohexane, but even m the following yean the 
question was given very little attention by chemists m 
general* The author and his co-workers 4 and other 
chemists, however, working with x-ray and electron 
diffraction methods and measuring dipole moments, 
gathered experimental material concerning (yds- 
hexane and its derivatives. They i n terpre t ed them 
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remits In such a way that by the end of the nineteen 
thirties very little doubt sull existed as to the general 
correctness of the Sachse-Mohr picture of the 
gv&hexane nog 

The most striking feature of the results obtained at 
that time'was, m the author's opinion, the fact that 
no indication of the occurrence of the * movable 1 
form of the &clo hexane ring had been found New 
measurements of gw/ohexane vapour using the 
electron diffraction method based on a rotating 
sector also failed to reveal the existence of molecules 
which did not correspond to the ' staircase ’ model* 
In 1943 4 it was pointed out that this may be ex¬ 
plained by the fact that in a movable form the 
hydrogen atoms will come closer to each other than 
may be energetically favourable or even possible 
if tetrahedral valency angles are maintained It 
was suggested that the e ne rgy of a gWohexane 
molecule based on a carbon ring of the ‘ movable ’ 
type may be high enough to make the concentration 
of such molecules very small in the vapour or in the 
liquid phase 

Another aspect of the Qt/ohexane problem which 
was considered in the paper just mentioned in the 
following tven if the 1 movable ’ forms of cyelo- 
hexane molecules or its derivatives are disregarded 
it must be borne in mind that the six carbon atoms 
forming the carbon ring of the * staircase' form are 
situated in two planes, each plane containing three 
carbon atoms, the distance between the two planes 
being about o 5 A If the three carbon atoms of the 
lowi r plane are moving upwards, the three atoms of 
the higher plane downwards, the two planes may 
interchange their positions and the molecule appear 
in a second ‘ staircase 1 form which may or may not 
be geometrically identical with that of the original 
molecule depending on its original geometrical 
properties it u easily seen that a molecule of 
gvfohexane itself is not changed in the course of a 
4 conversion* of this kind, but that in the majority of 
examples molecules of substituted tydv hexanes will 
be different before and after the conversion has 
taken place The fact that the number of separable 
isomers of a gvlohexane derivative of given structural 
formula may be accounted for satisfactorily on the 
bans of a planar carbon ring was due to the attribu¬ 
tion of a comparatively small activation energy to 
the conversion process 

two tvpbi or C—H bonds 

It was further pointed out that the hydrogen atoms 
of tfte mkheunt molecule in its symmetrical 
4 staircase 1 form cdhsist of two geombtncaUy different 
groups The lines joining the sue hydrogen atoms of 
the first group to the adjacent carbon atoms all run 


parallel to the principal axis of the carbon nog, 
whereas the angle between the C—H bonds of the 
remaining six hydrogen atoms and the principal 
axis is equal to the tetrahedral angle, 109° ad' Each 
methylene group thus comprises one hydrogen atom 
of each kind It was considered useful to introduce 
a specific designation for each of the two lands of 
hydrogen atoms or the corresponding bonds in order 
to make possible a straightforward description of the 
configuration of a given gv/bhexane derivative 
Supposing that the chief axis of the carbon ring is 
vciucal the C—H bonds of the first group will also 
be vertical and these bonds were designated as $ 
bonds (from the first letter in the Greek word for 
* upright') The remaining six bonds which are not 
very far from being horizontal were called * bonds 
(from the first letter m the Greek word mean mg 
1 prostrate ') Numbering the carbon atoms as usual 
from 1 to b and indicating for each substituent 
whether it is of the tors type, a fUll and condensed 
description of the molecular configuration can be 
given It has to be admitted that mirror image 
forms will thus receive identical notations This, 
however, u of no practical importance as long as we 
are not interested in absolute configurations of 
optically active molecules 

It is easily recognized that the * conversion * of 
the carbon nng described above transforms each « 
bond into a x bond and vice versa In general the 
geometry of the molecule will be different before and 
after the conversion has taken place If we consider 
the changes produced in the relative positions of 
atoms within the molecule it is to be expected that 
the energy contents of the two forms will differ so 
much that their equilibrium concentrations in the 
liquid or vapour states will be far from equal 


■"V<V 

a 

Ftg*r* r WawcklmvdakxoM skenmg • * 
and b s positions qf ike chlarwe atom 

To determine in special cases which of the two 
configurations predominates in the vapour s^late 
seemed to be of considerable interest The first 
example investigated was that of xnonochlorogvfo- 
hexane Using the electron diffraction method based 
on a routing sector it was possible to prove* that 
the form in which the chlorine atom occupies the x 
position (Fiptrt /a) must bo present in a concen¬ 
tration considerably greater than the other form in 
which the chlorine atom is m e position ib) 

The result of this ex p e r i ment was explained as 
follows ’ if the chlorine atom occupies the « position 
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its distance from the two nearest a-bonded hydrogen 
atoms would be much smaller than energetically 
possible if the tetrahedral angles were maintained 
The deformations of valency angles necessary to pre¬ 
vent this would probably raise the energy of this form 
relative to the energy of the x chlorine form sufficiently 
to explain the experimental observation Some yean 
later, in 1946, corresponding results were obtained 
with qyclohcxyl thiol 

The argument used to explain the stability of the 
h chlorogv/ohexane relative to that of the e form 
should also be applicable in the irons- 1,4-dihalogeno- 
rjttfohexanes (ix 4* ** it 40) We should therefore 
expect the i» 4x configuration to predominate m 
the vapour of these substances and to be the most 
probable even in the solid state These expectations 
seem to be in full agreement with experimental 
results**’ A more complicated cane is that of the 
traw-i,2-dihalogena^t/ohexane3 with the possible 
configurations ix ax and is 2e In the latter con¬ 
figuration the close approach of each s halogen 
atom to its two nearest hydrogen neighbours should 
of course be unfavourable But on the other hand 
the distance between the two neighbouring x-bonded 
halogen atoms of the former should also be expected 
to be shorter than energetically favourable if normal 
valency angles are maintained Besides the Strain 
thus arising in the ix ax form the dipole-dipole inter¬ 
action might be expected to raise the energy of this 
configuration The electron diffraction investigaUon 
of the dibromo-compound* makes us believe that 
the concentrations of x x- and s e-molccules m the 
vapour are not far from equal 

Investigations based on both electron diffraction 
and on x-ray crystallographic work earned out more 
recently have indeed shown that valency angle 
deformations take place both when two x chlorine 
atoms occur m 1,2 position m tyclohcxnne derivatives 
and when two s chlorine atoms arc present In the first 
instance the deformations bring the two substituents 
further apart* t in the second a bending of the C—Cl 
bond away from the chief axis of the carbon ring has 
been clearly demonstrated* Particularly large 
deviations from normal valency angles should be 
expected when two 0 substituents are introduced in 
the 1,3 position The crystal structure analysis of 
Y benrene hexachlonde confirms this view 19 If the 
substituents are fluonne, however, the deformations 
will probably always be small The molecular 
structure of dodecafluorocyrfohacane for example 
seems to differ very little from the classical 4 staircase * 
model based on strictly tetrahedral angles 11 In 
cyclohexane itself the smallest hydrogen-hydrogen dis¬ 
tance (between s-bonded atoms in the 1,3 position) 
of about a 5 A u no doubt energetically very favour¬ 
able and thus like the ix ax hydrogen-hydrogen 



a b 

Figure 9 1 ns-if~du*bstihtUd tyMwtams corre- 
spending to cor\figwratwru ix ** -+ is sh b model 
bom on pinner carbon neg 

approach contributes to the stabilization of the 
4 staircase * structure 

e 

POSSIBILITY OF OPTICALLY ACTIVE FORMS 

As mentioned above the right number of stenc 
isomers corresponding to a given structural formula 
may be deduced from a symmetrical model with a 
planar carbon ring If such a model contains a 
plane of symmetry we may conclude that the mole¬ 
cules corresponding to this model are not separable 
by chemical means into d and / forms It u easily 
recognized, however, that in such instances stable 
configurations attainable *by the actual molecules, 
like those corresponding to models containing a 
carbon ring of the ‘staircase* type, may often 
appear m two equivalent mirror image forms A 
conversion uf the zing will then transfer the positive 
form into the negative form and wee versa Although 
no instance seems to have been reported in which 
substances belonging to this group have been observed 
to crystallize in enantiomorphir forms, we do not 
think it impossible that this may be observed in the 
future 

The simplest representatives belonging to this 
group (the members of which will of course always 
contain an equal number of x and 0 substituents of 
the same kind) arc the or-i,2-disubrtitutcd cyclo¬ 
hexane* C t H u X v corresponding to the configura¬ 
tions ix 20 and is 2x (Figure 2) 

When the ring conversion, on the other hand, does 
not change the picture of an asymmetric molecule, 
optically active forms will be stable in the vapour 
phase or in solution, but then the asymmetry 11 pre¬ 
served also m the model based on a planar carbon 
ring A simple example of this kind of frm-1,3- 
disubstituted cyclohexnxua C# Hi# X# (s x a* x s) is 
visualized m Figure 5 

Figures a faw-rj- Aia t m/w to rf y cl ak u eni com- 
sp ot ti ng $0 mtfgurmms is jx -f/s js b mgM 
b&ed on pleteee coebon fact 
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If we return for a moment to the as (e x ^ h b) 
i, a derivative* but thu time with two different 
substituents (thus considering also examples in which 
a second, uniymmetncal ring u attached to the 
Crdohexane nng m the x,a position), the picture 
will be representative for other more complicated 
derivatives of cyclohcxAne also Here, as in Fiqwe 4, 
the two interconvertible configurations taken together 
represent one optically active chemical species They 
may be rather different m shape, but each of them 
corresponds to a mirror image form of the other 
species The specific rotauon observed lor each of 


the two species will of course depend on the proportion 
of the two interconvertible configurations in the 
equilibrium mixture The specific rotation might 
then depend considerably on the medium in which 
the substance is dissolved if tht interaction between 
solute and solvent influences the equilibrium con¬ 
centration ratio between the two configurations 
Interactions, sufficiently strong and specific to modify 
the equilibrium, may perhaps be found where strong 
hydrogen bonds arc being formed between the mole- 
cules of the solute and the solvent 


8TRUCTURB OF RINGS CONTAINING 
SUBSTITUENTS 

The arguments used when discussing the structure 
of molecules containing cyclohexane rings cannot of 
course be applied without modification to substances 
in which methylene groups of the six-membered 
nng are replaced by oxygen, sulphur, NH groups 
aod so on Experimental results so far reported 
seem to in d ic ate, however, that in 1,4-dioxane, 
1,4-dithiane, rjm-tnthiane and denvatives of these 
substances the sot-membered zings have a con¬ 
figuration c or responding to that of the * staircase 1 
form of gsdohexane 18 . 

In ¥943 O Hamel 1 " pointed to the very unfavour¬ 
able hydrogen-hydrogen distances in fe 4 phr*s model of 
of-dftcaka, F^ars 5, with its two gvfehexane rings of 
the ‘boat 1 form and suggested that the form given m 



Ptfitn 5 'Mohr's meM qf 
cts-dscahn 



Fit w 6 Hasstl's mM qf 
cts-dtcalvt 


Figur* 6 would be energetically more favourable 
Electron diffraction results based on the analysis of 
scattering curves obtained from photometer records 
of sector diagrams both of trans- and cu-decalin 
strongly substantiated this view 14 It seems justified 
therefore to designate franj-decabn as in a*-tetra- 
methylene-gv/ffhexane and or-decalm as consisting 
essentially of molecules having the corresponding 
im 2b structure of Ftgwrt 6 

Now if the configurations of the two naphtho- 
dioxanes strictly correspond to those of the decaluis 
the substance corresponding to travu-decalin should 
have zero dipole moment, whereas the second one 
should have a small dipole moment only Measure¬ 
ments earned out in our laboratory indicate that the 
higher melting isomer may indeed have zero moment 
whereas accoiding to measurements quoted by 
J B6esbken et ahi t$ a moment of o 7 d was observed 
X-ray crystallographic measurements have recently 
been earned out on the lower melting substance 
(m pt 11 i°C) obtained from 2,3-dichforodiaxane and 
glycol and generally believed to be a form of naph- 
thodioxane It has been shown 11 that this substance 
is not a naphthodioxane but bi-i,3-dioxa9vfopentyl B 
which contains two five-membered rings joined by a 
single bond Although m the crystalline state this 
molecule is centro-symmetric it is easy to understand 
that a considerable dipole moment will be observed 
in solution Further experimental work will be 
necessary, however, in order to establish with cer¬ 
tainty whether the higher melting substance men¬ 
tioned above corresponds to the or or the trans form 
of decalin 

Interesting problems arise when the structure of 
substances containing NH groups is considered The 
hydrogen atom of such a group or the substituent 
which may be introduced in its place will no doubt 
be able to change over from m to t position indepen¬ 
dently of a conversion of the six-m&mbered nng. 
The N N'-dichkwpiperaxme, for example, should 
therefore in principle be capable of appearing in 
three di ffer e n t configurations in a gaseous equili¬ 
brium mixture one c or re sp onding to the as form 
of 14-dKUofopebhexane (** a configuration) and 
two to the possible configuration of the trans forma 
{« m and a « configurations) According to our 
experiences relating to derivatives ofodAosoe we 
should expect the n n configuration to posaqs the 
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TabU I Mdtmg Pamt and Catfipraben if I som e r s QrhWwt 


Substance 

Maltsni 

bOWt 

°c 

°*&T 

Pineal 

stale 

Reference 


— 

X 

0 

s 

cjaotttxjHmncaptan 

Sf-dsbromatydohexaM (trans) 


X 

XfX and t,8 | 

9 

9 

s 

• 

i^S-dtbromocyMxxant 

48 

«.* 1 

0 

1 

StS-dmdocyclohsxam 

S4 

*7* 1 

9 

1 it 

• 

Stf-dtckloro&cUMexane 

1011 

XJt 1 

9 

1 

i f 4d%bromo<ycUh$xans 

119 

I 

c 

1 T 

f 

1 rfdnodocycloiuxam 

1 » 4 * 


I J 

1 T 

» 

Sf*4i5r^faddmiydoixxane 

>74 

tf t X % X 

r, s 

t 

SyMy+^-Utrobrainocyclohexani 

| 185 

8f p X,M 

1 V,t 

IT 

if^yktrabromocycloMtxQne 

! 918 

XyXfi# 

j ' 

as 

J yS t 3 f 4 - 4 rtrabramocyelohsxam 
iti^BiitfyS-htxnckmKpclohtxaM 

149 

*45 

(*«),*,(*«),* 

; s 

! °* s 

11 

u 

a if^^SAezackiortcycUMaxane 

158 

8,BJt,Xftft 

\ 9 

• 

ft if>34,5,6 htocklorocytUhcxana 

308 

X t X t X f X t M % X 

0 t S 

1 s 

> 

Y Tf t 3r4£ > 6JwcmhioTO<pdaii$xane 

ns 

Bffjtftft 

« 

! °> 1 

a it 

» 

0 if^^fi-htxackloracycloMtxane 

138 

e^x t x 1 x t x 

v 

• 

8 if£frf t 6-JwcachlonQKlohexans 

919 

8fi t X,B,X,X 

! V,s 

a ia 

* 

ft Jfd^5,6Jigxabromo<pcloJi*xwv 

— 

XtXfXtMtXfX 

s 

1 » 

a idj-QfeUhaxantnol (dUtydrak) 

— 


s 

\ u 

1 

tgS^tnamvwjMmant {AMydrate) 

- 

XJXJt 

s 

! M 

1 

1 


lowest energy and therefore to be present in the 
Urgest concentration Preliminary crystallographic 
observations indicate that this substance is isomor- 
phous with the crystals of the trans- r,4-dihalogeno- 
ov/ohexanes which contain molecules having the 
H m configuration 11 


CONCLUSIONS 

The principles reviewed in this article should be 
dear enough to enable chemists to set up a complete 
list for substances of the cyt/ohexanc type, giving the 
possible number of isomers and their configuration 
Unfortunately the papers containing the fundamental 
ideas as well us those dealing with experimental 
molecular * structural determinations have been 
partly overlooked by the chemists publishing papers 
dealing with the chemistry of Qcfohexane and related 
substances This is Indeed one of the reasons for 
writing the present article 

It would, we think, bft most useftil for the further 
development m this field if the experimental work on 
molecular structure could be extended to a consider¬ 
ably greater number of relatively simple substances 
than those already investigated The rendu, 
particularly the variation in energy contents of 
different stereoisomers, are likely to have considerable 
value, for instance, in interpreting their chemical 
properties * f. the variations in tiuoaty of different 
chlonubstituted cyclohexane derivatives such as 
Gomxsw, used as insecticides 


In TabU I the chief rcsulti so far reported about 
the configurations of simple cyclohexane derivatives, 
based on x-rav, <lectron diffraction and in some cases 
dipole moment measurements, have been luted We 
have not included the cyc/ohexandiols in TabU J 
because here the direct molecular structure methods 
have so far been of minor importance for the decision 
whether a substance u a cu or trant form 
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Recent Advances in Knowledge of Wool Structure 

H LINDLEY, Ph D 

Biochemistry Unit, Wool Textile Rerearch LEboratory, GSIRO, Melbourne, Australia 


Wool and the keratins generally are unique among 
proteins m having e recognizable histological struc¬ 
ture which permits the simultaneous investigation of 
their chemical and physical properties at various 
structural levels m a way that is often impossible for 
other proteins Whilst this is very useful from a 
practical standpoint, it makes a general review of 
the subject difficult since a clear-cut consideration of 
different aspects of work on wool is impossible, and 
furthermore, no completely satisfactory synthesis of 
the various aspects is possible In the present survey 
the general plan will be to consider all recent work 
at various levels of organization, commencing with 
the molecular level, then the xnacromolecular and 
finally the histological level of structure, subdividing 
each broadly into physical and chemical in¬ 
vestigations 

FINE MOLECULAR STRUCTURE 

The two major physical techniques so far utilized at 
this level of organization have been wide angle x-ray 
diffraction and infra-red spectroscopy X-Ray 
diffraction studies have added little to the pioneer 
observations of W T Astbury and A Street 1 in 
this field, but there have been many speculations on 
the nature of the configuration of the peptide chain 
giving rise to the a fold It seems probable that the 
most profitable line of approach will be from studies 
on amino mods and peptides x-ray diffraction 
patterns closely resembling the a photograph have 
already been obtained from polypeptides of relatively 
simple composition 1 Infra-red spectroscopy, and 
particularly using polarized infra-red, m a technique 
which hta only been applied to problems of protein 
structure fairly recently, bip has already yielded one 
important result, namely that N-H bonds are 
essentially parallel to the fibre axis in a-keratin and 
pcrpmdwMlar to it m p-kcratm 9 This would seem 
to fit in better with M L, Huopmf suggested struc¬ 
ture 4 for ot^teratra than many of^the alteroauve 


Due to the greatly improved methods of amino 
acid analysis which have been developed recently, 
the ammo acid composition of wool is now known 
fairly completely within certain limits Thus it is 
ponible to collect figures suggesting that over 98 per 
cent of the total nitrogen of wool can be accounted 
for by summing the percentage of each ammo acid 
present It has long been realized, however, that the 
compositions of different wools may vary considerably 
in respect of their cystine content, and this variability 
must necessitate corresponding changes in other 
amino acids An investigation of there secondary 
variations would be a most important contribution 
and could lead to interesting results, but 10 far has 
not been attempted 

While this problem of variable composition has 
always been obvious for wool because of its high 
sulphur content and the ease and accuracy of total 
sulphur estimations, there are indications that it may 
in fact be a general problem of protcrn analysis 
Thus, recent work by F A Cbonka 1 suggests that 
the composition of crystalline egg albumin can be 
significantly affected by the hen’s diet, and there are 
other indications m the literature of a similar effect 
with other proteins tg the sulphur contents of 
insulin quoted by G L Miller and V duVioneaud 9 
and M Sahyun’ It should aho be emphasized that 
the quoted amino 1 acid compositions of wool are 
really derived from unrelated analyses of different 
wools 

One rather surprising regularity in amino aud 
composition has been found by R J Block 1 to 
occur throughout the keratins This is that for 
all keratins the molecular ratio of arginine ■ lynne 
hutidpe , 12.4 1 The unexpected nature of 
this remit u that it ts only the ratio which u constant, 
the actual percentage of arginine for instance can 
vary quite widdy m differing keratins The ratio is 
not, of course, completely invariable, but viewed 
against the wide fluctuations in cystine, tyrosine and 
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glutamic and aspartic acids contents expressed in the 
same way it 11 nevertheless quite remarkable 

Probably the most interesting recent work on wool 
chemistry however has been the studies on partial 
hydrolysates of wool by R* Coniden, A H Gordon 
and A J P Martin*, using the techniques of 
lonophoresu and paper chromatography which were 
developed by them for this specific problem About 
forty different dipeptides have been separated and 
characterized fairly completely from partial hydro¬ 
lysates of wool, in addition to a large number of 
other peptides less certainly characterized So far, 
only the results of an investigation of the acidic 
peptides 1 have been published in any detail but a 
preliminary note on the cystine peptides 10 has 
appeared, whilst it is evident from a recent review 
by R Consdsn 11 that some investigation of the basic 
and neutral peptides has also been earned out The 
most important result found in the investigation of 
the acidic fraction has been the frequency with which 
negatively charged polar residues occur linked 
together Thus the peptide found in largest amount 
in this fraction was glutamyl glutamic acid, while 
serine and tyrosine also occur linked directly to 
glutamic or aspartic acids On the other hand, 
there are probably no linkages between two basic 
ammo acids These two results, while not definitely 
excluding salt linkages of the type envisaged by 
J B Spearman and M Hirst 1 *, would certainly 
seem to render their occurrence much less probable 
it is interesting that doubts as to the validity of the 
salt linkage hypothesis have recently been expressed 
on other grounds 1 * Taken in conjunction with 
Block's results these findings suggest the possibility 
of an entirely different distribution of charges over 
the keratin molecule from that postulated by Speak- 
man and Hint, namely, a diffuse scattering of positive 
charges with local concentrations of multiple negative 
charges on portions of the peptide chains 

Whereas therefore on the salt linkage hypothesis 
the charged groups are envisaged as holding the 
molecule together solely by the attraction of positively 
and negatively charged groups, on the above view, 
forces of repulsion, more especially between positively 
charged groups, would also play their part in deter¬ 
mining the configuration of the peptide chains 
Repulsion between negatively charged groups would 
be relatively unimportant because these groups occur 
directly linked together, and thus negatively charged 
centres Would be well separated spatially It u possible 
on this view to explain in a qualitative way many 
of the remarkable setting and supercontractum 
pro perties of deaminated and methylated wools for 
which no satisfactory alternative explanation ss avail¬ 
able Thus methylation of the fibre, by destroying 
ionic attractions, would lead to a longer equilibrium 


length for the peptide chains Conversely deamination 
of the fibre would leave only forces of repulsion 
between very widely spaced multiple negative 
charges, and thus make a shorter equilibrium length 
more probable » 

It n also noteworthy that W T AttburyV* 
hypothesis of the alternation of polar and non-paiar 
residues along the peptide cham is no longer tenable 
in view of these results It is interesting too to com¬ 
pare these results with F Sanger’s 1 * recent work on 
the terminal amino acids of uisulm for which sequences 
involving glutamyl glutamic and aspartyl glutamic 
acids have been found 

Investigation of the cystine peptides of wool has 
shown that cystine is linked to most of the other amino 
acids including glutamic and aspartic acids A con¬ 
siderable fraction of the pro] me also occurs directly 
linked to cystine The possible significance of this 
will be discussed later 

In contrast with all the above chemical techniques 
involving breakdown of the wool, some preliminary 
investigations on the mode of synthesis of wool fibre 
have been made using wool roots prepared by the 
technique of W J Ellm, J M Gillespie and H 
Lind ley as the experimental material 19 Although 
the work is still m its preliminary stages, one or 
two interesting observations have been made Thus 
most of the ammo acids which are nuyor components 
of the wool fibre have been detected free in extracts 
made from wool roots, the two mqjor exceptions 
being cystine and praline While both these ammo 
acids are difficult to detect m minute amounts it is 
possible that this finding implies that they may be 
incorporated into the formed peptide cham by modi¬ 
fication of other residues Another result which may 
be of significance, although also of a somewhat 
negative character, is the failure to find any large 
amounts of simple peptides in wool root extract 
Amino acids are present only in minute amounts 
(to001 [ig amino acid nitrogen per wool root) but 
the amount of simple peptides present seems to be 
small compared even to this Peptides which have 
been separated probably contain at least ten ammo 
mod residues with glutamic acid and glycine pre¬ 
ponderating One of the major problems of the 
work, however, is that the precise pattern of ammo 
aadi and other metabolites vanes from one wool root 
sample to another for reasons which ar? not at 
present understood Some interesting histochemical 
observations on the mode of formation and hardening 
of the wool fibre have also been made by £ H. 
Mircxr 1 ’. 

IIAGROMOLBODLAR STRUCTURE 
Although the nuyor chemical advances m ouc know¬ 
ledge of wool structure have been made at the mole¬ 
cular level, the most in te re s t in g development m the 
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physical field have been in the studies of the macro- 
molecular structure Hie reason for dm lies in the 
perfection of the electron microscope which allows 
direct observation of structures which previously 
could only be studied by indirect methods The 
development of small angle x-ray diffraction has 
also helped to extend our knowledge of macro- 
molecular structure, but thi^ technique, although 
potentially capable of yielding more information 
than the electron microscope, 11 hindered by the 
difficulty of interpretation of the results 

Numerous studies of the electron microscopy of 
wool have been published, but probably the most 
extensive are those of £ H Merger, A L G Roe* 
$t aln Granting their initial assumption that the 
products obtained by prolonged tryptic digestion of 
wool represent genuine structures pre-formed in the 
fibre and are not artefacts of hydrolysis, there now 
seems little doubt that the fibrous keratin develops 
from a corpuscular protein J F arrant, A L G 
Rees and £ H Merger 11 originally suggested that 
the non-crystalline matrix material consisted of 
particles about 100 A in diameter, in which were 
embedded fibrils made up of similar particles linearly 
aggregated after the fashion of a string of beads 
Mercer has recently concluded, however, that the 
fundamental unit in the fibrils u larger and this 
would bring the electron microscope evidence more 
into line with the x-ray evidence of R S Bear 19 
and I MgArthur 1 * who find a period of about 
200 A along the fibre axis while still leaving un¬ 
explained the failure of x-rays to pick up a 100 A 
pepodicity It is possible that the size and shape of 
the_ particles have been affected by the isolation 
procedure work at present in progress should throw 
more light on this 

Our knowledge of the nature of the cuticle of the 
wool fibre has also been greatly extended by recent 
electron microscope studies and it appears that this 
is made up of a number of components differing 
markedly in their resistance to enzymes Most sur¬ 
prising perhaps u the discovery of a continuous 
membrane a s so cia ted with the wool cuticle originally 
thought to be sub-cuticular but recently stated to be 
eptcuticular 11 . If the latter suggestion a correct it 
provides an explanation of a number of incompletely 
understood properties of wool, such as the difficulty 
of wetting dean wool, the difficulty of 1 taming un¬ 
damaged wtal, and the AUwftrden reaction The 
chemical nature of this sheath 11 unknown, as 
is its mode of formation 

E<fi, Merger 11 has recently studied the dispersion 
of wool obtained in urea bisulphite atfution and has 
shown that under suitable condition^ such a dis- 
penm can be drawn into fibres which give a typical 


a photograph by Kay diffraction This ■««« to 
be the only technique so for known by which a hard 
keratin after dispersion can still be regenerated m 
the a form The molecular weight of such a dis¬ 
persion has also been estimated by £ H Merger 
and B Olorson 11 to be of the order of 85,000, 
whereas sodium sulphide and sodium thioglycollate 
dispersions of wool have molecular weights of about 
9,500 From sedimentation and diffusion data they 
suggest that the go,ooo unit is made up of linear 
aggregates of the lower molecular weight structures- 
linked together by some bonds which are readily 
broken by reducing agents under alkaline conditions. 
They suggest that these may well be disulphide bonds, 
a suggestion closely analogous to an earlier specula¬ 
tion put forward on other grounds by H Lwdley 
and H Phillips 1 * 

Little chemical work has been done on components, 
at this level of organization, but the results obtained 
by W B Geiger 11 and H Lxndley 11 suggest that 
here is an interesting potential field of investigation 

HISTOLOGICAL STRUCTURE 

The interpretation of the elastic properties of the 
whole fibre in terms of its structure by W T Abtburv 
and H J Woods 19 has led to an enormous amount 
of work being earned out on the physical properties 
of fibres before and after chemical modification 
Two general criticisms may, however, be made of 
this earlier work First, for convenience of handling, 
most of the observations have been made cither on 
Cotiwold wool or human hair There is now some 
evidence, however, that some of the properties shown 
by these fibres are not shared by the much more 
common merino and cross bred fibres of commerce, 
and hence cannot be taken as properties of wool in 
general Secondly, some of the early work suffers 
from the lack of suitable chemical methods of 
analysis, so that the nature of the reactions was 
inferred from model experiments with simple model 
substances or from known chemical reactions of 
organic radicals This approach is valuable, but can 
be very misleading, as has been shown particularly 
m the reactions of the disulphide bonds of wools 
Thus there were many early speculations on the 
nature of the reaction of wool with alkalis, and many 
reactions based on textbook organic chemistry were 
put forward It now appears”, however, that two 
reactions occur, one in which sulphur is split out 
completely from the disulphide bond, leaving two 
com hard ot-anuno-acrylic acid residues in the 
and the other in which one sulphur atom only » 
split off, leaving a lanthionme residue 11 Of there 
two reactions an analogy with simpler substances 11 
only known for the former 11 , the latter to 

occur only in protons 
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The fact that two separate reactions occur be twe en 
the combined cystine of wool and alkali is of some 
interest and suggests that the reactivity of the cystine 
is dependent on its location in the wool molecule 
Thu idea has received considerable confirmation from 
a study of other reactions of the wool disulphide 
bonds Thus by studying the interaction of wool 
With bisulphite solutions it has been shown that four 
differing degrees of reactivity of the disulphide bonds 
can be detected* 1 Further work on chemically 
modified wools has shown that the reactivity of one 
fraction is probably avocimted with the presence of 
four free carboxyl groups m foe neighbourhood of 
the disulphide bond and, by analogy, that another 
fraction of closely similar reactivity has amide groups 
in close proximity to the disulphide bond* 1 Little 
is known of the special configurations associated with 
foe other types of cystine reactivity, but there is 
some evidence to suggest that prohne residues may 
occur near part of the cystine 1 * 11 This cystine 
fraction may well be the serially linked sulphur 
bonds of Mercer and Olofsson Work with wool 
reduced by thioglycolhc acid has lent further support 
to the differing reactivity of foe combined cystine 1 *, 
in particular, reactions involving cross linking the 
reduced wool have provided valuable evidence of the 
reality of the differing fractions 14 The interaction 
of wool and formaldehyde solutions is yet another 
reaction which has provided valuable confirmatory 
evidence of these conclusions 11 . 11 1 Some work has 
also been reported to show that some of these 
differences extend to non-fibrous proteins in addition 
to being general reactions of the keratins** A general 
review of this work has already been given by 
H Phillips** 

However, in' addition to their chemical interest, 
all these reactions have a special significance for 
wool, since they can affect foe physical properties 
of the whole fibre to a very considerable extent 
Thus the reaction of wool with alkalis n of interest 
from the standpoint of theories of foe 4 setting ’ of 
wool and the permanent waving of hair If a wool 
fibre is boiled in a mildly alkaline solution while in 
foe extended state it loses its power to contract and 
is 4 set 1 at its extended length Even boiling the set 
fibre in water in the absence of tension fails to cause 
contraction to its original length, although some of 
the 4 set 1 is lost On the other hand, if foe extended 
fibre is steamed for only two minutes and the tension 
then released while the steaming u continued, the 
fibre 4 supercontracts 1 to lea than its original length 
The original explanation of W T Astbury and 
H J Woods** was that them phenomena were due 
to the simultaneous occurrence of side chant break¬ 
down and linkage rebuilding with the fo rmer pre¬ 
dominating at short periods and the latter being the 


determining factor in longer periods of treatment of 
the fibre J B Spearman** later mggeried that the 
initial breakdown involved was that of disulphide 
bonds and put forward various suggestions for linkage 
rebuilding which later had to be abandoned with 
the exception of lanthionme eras links which were 
assumed to be responsible for set S Blackburn and 
H Lindley 4 * on the basis of reaction rates and other 
evidence, however, have recently suggested that foe 
nature of setting reactions under these conditions 
involves low rather than high energy bonds and can 
thus be regarded as physical rather than chemical 
Somewhat similar conclusions seem to have been 
reached by E El6d and H Zakn 41 and P 
Alexander 41 It is noteworthy that wool which has 
had its amino groups removed by deamination fads 
to take a set with *lka1u and supercontracts readily, 
whereas wool which has had its carboxyl groups 
estenfied behaves in precisely foe opposite manner 
1 i it sets more readily and supercontracts lev than 
untreated wool If one adopts physical mechanisms 
for setting and supercontraction, them observations, 
as has been mentioned previously, throw doubt on 
the salt linkage hypothesis On the other hand, 
chemical studies on the reactivity of deamwated and 
methylated wools suggest no chemical explanation 
from known chemical reactions 4 *. 44 However, as 
discussed eailier, these results can be accounted for 
qualitatively on foe assumption of different distribu¬ 
tions of the positive and negative charges over the 
protein chains 

Supercontraction can also be brought about by 
boiling wool fibres m sodium bisulphite solution— 
indeed it was this observation which tint led Speak 
man to postulate that foe initial side chain breakdown 
occurring under the Astbury and Woods condition 
of supercontraction was disulphide bond breakdown. 
A very foil investigation of the relation between the 
physical properties of bnulphited wool and the 
chemical reactions involved has been earned out by 
E G H Carter, W R Middlebrook and H 
Phillips 41 They showed that foe changes m elastic 
properties and ability to supercontract could be 
related to the particular cystine fraction involved 
Whilst, here, there is no doubt that supercontraction 
is accompanied by disulphide bond breakdown, the 
authors point out that this alone is insufficient The 
fibre must also be subjected to thermal agitation 
before contraction occurs, and th er efore the breaking 
of hydrogen bonds is probably also neceanry for 
supercontraction. Another interesting result was the 
finding that rupture of half the cystine linkages of 
the wool has lev e ffect on the elastic p r op er ti es of 
wool than sol u tions of monochformcetic sod, which 
presumably exerts its effect by interfering with H»nk 
attractions and povsbly hydrogen b onds Some 
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interesting studies 00 the effect of reduction end re¬ 
formation of sulphur cross links in wool have been 
earned out by M Harris and A, £ Brown 41 

In recent physical studies of the elastic properties 
of wool fibres emphasis has been placed on the 
separation - of entropy and internal energy effects 
Thu u not a simple matter, but both H B Bull 4 ’ 
and H J Woods 44 have concluded that entropy de¬ 
creases with extension for extensions up to 30 per 
cent Thu conclusion has recently been challenged 
by K H Meyer and B Hahelbach 4 * The alter¬ 
native explanation they put forward u not, however, 
at present supported by any experimental evidence 
The experiments quoted are inconclusive, as has been 
pointed out by H J Woods 14 Interest is also being 
shown in other elastic properties of wool apart from 
the more studied Young’s modulus and torsional 
modulus A B D Casus * 1 has recently advanced 
a suggestion to account for the warm feeling of wool 
as opposed to the chilliness of silk or cellulose fibres 
based on the unusual bulk elastic properties of wool 


CONCLUSION 

As is obvious our knowledge of wool structure is very 
incomplete , indeed, it would be true to say that the 
past decade in wool research has served mainly to 
show the complexity of the problem Despite these 
immediate difficulties, however, there does seem to 
be the pombility of major discoveries in the near 
future X-Ray crystallography of amino acid 
polymers suggests that the precise nature of the a 
fold may not elude us much longer and the problems 
of ammo acid arrangement in proteins seem at long 
last to be yielding F Sanger has now accounted 
for something like a quarter of the insulin molecule 
in penta- and tetrapepude sequences The major 
problem that awaits solution in the field of wool 
structure is the separation of the fibre into its com¬ 
ponent structures Thu u a problem which has 
grown steadily m complexity with the realization of 
the he ter ogeneous nature of the wool fibre, and it 
u here that studies of the wool root may assist by 
providing us with a more tractable starting material 
Perhaps we may even hope that studies on the wool 
root wiH lead to the discovery of a vital clue to the 
most intractable problem facing biochemistry today 
—the mechanism of protein syntheus in the living cell 
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The road transport industry is one of the biggest of 
Britain's industries The services it provides cost some 
thousand million pounds a year and about one and a 
•quarter million persons arc engaged m making, re¬ 
pairing, servicing, and driving road vehicles and in 
maintaining the road system Road accidents have 
been estimated to cause an economic loss to the 
country of some £100,000,000 every year In ad¬ 
dition every active member of the community n a 
road user, as a pedestrian, as a cyclist, as a motorist 
or tits a user of road vehicles, and has a direct and 
personal interest in the efficiency of the roads There 
is, therefore, a wide held for road research 

Road research began as a recognized activity of 
the Department of Scientific and Industrial Research 
m 1933, when a small experimental station, set up 
some years earlier by the Ministry of Transport on 
the Golnbrook By-pass, was taken over together with 
its staff as a beginning to the close collaboration with 
the Ministry which has been an essential feature of 
the Laboratory’s work At first the research was 
largely concerned with road materials and methods 
of road construction but after the 1939 war its scope 
was broadened to include problems of road layout, 
traffic and safety 

In the public mind research is the job of a class 
of men who live and work apart Thu conception 
is wrong for most kinds of applied research it is 
particularly wrong for road research Road research 
is essentially a joint affair, the business both of those 
responsible for the country’s roads and of the en¬ 
gineers, physicists, chemists, mathematicians and 
others who form the complement of the Road Re¬ 
search Laboratory The task of the Laboratory u to 
discover ways of improving the roads of Great Britain 
by making them better Able to carry the traffic and 
safer to use, and to do #0 at a reasonable cost At 
the present time the cost must be str ewe d research 
must be directed to obtain the greatest return m the 
quality and safety of our roads for the very limited 
amount of money that is available 

On the materials side the mam investigations are, 
broadly speaking, conducted m three stages / the 
work that must be done under the careftiDy controlled 
conditions of the laboratory, * the semi-full scale stage 
involving experiments to test laboratory findings 
un der conditions met with m practice, and j the 
tutt scale trial These three stages lead finally to the 
drafting of specifications and to their adoption, where 
proved successful, by die highway authorities 


On the safety and traffic side the procedure may 
sometimes be the same Since the data required by 
the scientists are mm often than not obtainable 
from the behaviour of the road user and from accident 
and traffic statistics, the laboratory work u largely 
concerned with the development of measuring in¬ 
struments for use on the roads of the country and 
with the collection and analysis of results In a sense, 
for safety and traffic studies, the highways are also 
the laboratory 

The grouping of the Laboratory’s work m two 
divisions forms a convenient way of summarizing the 
investigations now in progress investigations on 
road materials and construction, and investigations 
on road safety and traffic flow problems 

INVESTIGATIONS ON ROAD MATERIALS AND 
CONSTRUCTION 

On the * materials ’ side the technical problems 
are fundamentally simple Some 5,000 tons (5,080 
tonnes) of material are required to provide a sur¬ 
facing 6 in (15 3 cm) thick on a road a mile (i 6 km) 
long and 30 ft (9 m) wide This limits the choice of 
roadmaking material* to those which are plentiful, 
widespread and cheap, such as mixtures of sand and 
broken stone or other * aggregate* ’ held together by 
some relatively cheap binder such as bitumen, tar 
or Portland cement If locally occurring materials 
can be used economies in transport are realized 

The problems are thus hugely those of developing 
sure methods of selecting the best materials for given 
conditions and of combining and using them in the 
best way The whole field is a large one but certain 
parts of it can profitably be surveyed as an indication 
of the methods of attack 

PaomerU design —An earth -track by itself is un¬ 
suitable for modem traffic the sod will not bear the 
weight of the traffic and is abraded away It must 
be covered by a hard durable surfacing sufficiently 
thick to spread the loads provided by the traffic 
until they are less than those that the soil will safely 
bear Many ways have been devised in which the 
minimum duckncw needed for a road surfacing may 
be calculated from a knowledge of some p rop er ty or 
combination of properties of the underlying soil, from 
asttimptions regarding the nature of the ftzrfhcmgi 
and from an esti ma te of the likely traffic loads. 
Unfortunately these calculations give different answers 
according to the initial assumptions made 
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What h required, both to select the most proomiog 
theories and to improve upon them, u the deter¬ 
mination of this mnumum thickness for a number of 
surfacing materials carrying different weights of 
traffic on each of a number of different types of soil 
The methods of calculation and the assumptions made 
must be checked under practical conditions This 
involves budding roads The first material selected 
for study was concrete It has the advantage that 
for many mathematical calculations it can be 
assumed to behave like an elastic solid The oppor¬ 
tunity for the first of these full scale experiments was 
provided in 1946 during the construction of a dual 
carriageway on road B 688 at Oxton in Nottingham¬ 
shire where a preliminary sod survey had shown the 
Bubgrade to be a gravel-sand very uniform in its 
properties over considerable stretches of the proposed 
road In this experiment, slabs of different thick¬ 
nesses, both plain and reinforced, have been laid on 
the subgrade itself and on various thicknesses of 
sand-cement base , some of the slabs are thinner 
than would normally be put down to make sure of 
determining this minimum thickness with some pre¬ 
cision The further objects of the experiment were 
to find the minimum thickness of concrete to be 
associated with each different thickness of sand- 
cement base and to link this information with seasonal 
measurements of slab deflection under known loads 
and under traffic, and with mechanical tests and 
other measurements on the subsoil 

Other similar experiments will be made as oppor¬ 
tunities permit Where the construction of a new 
road has been agreed to, the additional cost of making 
it an experiment a small and the long term economies 
resulting from the information to be gained may be 
large 

Sod studas— In the investigation just described the 
sod n treated as an engineering material Ancillary 
investigations are in hand to develop methods of 
assessing the relative value of different soils as support¬ 
ing media for a road surfacing, basically these 
methods involve applying various types of loading to 
the soil and measuring the movements produced 

Soil as an engineering material is unique in two 
re sp e c ts its bearing power n improved very greatly 
by compaction and its mechanical properties are 
laigely controlled by die amount of moisture it 
contains These properties of sod have made it 
necessary to carry out two other lengthy investiga¬ 
tions The first comprises a study of the changes in 
the mechanical properties of different types of sod 
produced by compacting them, using all kxnds of 
camjlretmg machinery over a wide range of moisture 
contents The infoftaaaUon thus obtained u combined 
with methods of damfying any nei^foU met with 
Into one or other of the typa studied * A great deal 


of such information has been collected over the last 
few years, prowling a general guide to the type of 
equipment to be used atad to the methods of using it 

The second group of investigations is designed to 
supplement this work it comprises studies of the 
laws of the movements of moisture in soils so that 
the moisture content of the sod under a proposed 
new road may be predicted from the soil type and 
from measurements of the depth of the water table 
These investigations are still at an early stage but 
evidence 11 being obtained which suggests that after 
a road has been constructed the moisture content of 
the sod foundation tends to some mean value governed 
by the local conditions which may be thought of as 
an 1 equilibrium * moisture content It is thus possible 
to use this concept of a predicted 1 equilibrium * 
moisture content to plan both the treatment of the 
soil in constructing a new road and (he * design * of 
the surfacing to be put on it The soil is then com¬ 
pacted at or near this 1 equilibrium ’ moisture content, 
thus reducing to a minimum any shrinkage or swelling 
of the soil arising from changes in its moisture content 
during the life of the road 

Machmtfy rtsterch **— The man with wheelbarrow 
and shovel is or should be obsolete on the roads of 
Great Britain , manpower is being reduced wherever 
possible by the increasing use of machinery Now 
that economic conditions have compelled the sus¬ 
pension of schemes for new roads and the major 
reconstruction of old ones, the improvement of 
machinery used in road maintenance is one of the 
Laboratory’s mam preoccupations 

Statistics show that out of the 180,000 miles of 
road in Great Britain 100,000 miles are maintained 
by 1 surface dressing \ that 11 by spraying the road 
with tar or bitumen to keep it waterproof and then 
scattering stone chipping! on the fresh binder to keep 
the road non-skid To improve the overall efficiency 
each of these processes had to be tackled quite 
differently The binder u sprayed by a relatively 
complicated machine operated by only two men 
whereas the chippingi require v a large number of 
men to spread them To hold the chips in position 
they must be {lacked on the road shoulder to shoulder, 
with the binder rising up in the channels between 
the stones until it is nearly touching their top sur¬ 
faces , in this way each stone is held to the road 
and to its neighbours on all sides The actual amount 
of binder to be put down s controlled by the sue 
of the stone to be used and other factors, but the 
sprayer must be capable of putting down this amount 
and in a uniform film On the other hand, withm 
wide lumts the rate of spread of the chipping! has 
little effect on the quality of the final work but they 
are expensive to buy and spread. 
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I m prov em ent in the technique pf spreading the 
binder had of necessity to be achieved by the better 
use of existing machines since the wholesale produc¬ 
tion of new machines was an impossibility This 
improvement was realized fay developing simple tests 
for measuring the ihirkn^Mi and uniformity of the 
binder film and by encouraging machine operators 
to fit special low speed speedometers so that they 
might know what they were doing more easily The 
savings made by this kind of work are not small 
On the average a surface dressing lasts five years 
whereas some dressings have been down twelve years 
or more if the average life could be increased to 
seven yean the saving in a large county would be 
some £40,000 

A survey of commercial work in spreading chip- 
pings showed seven men spreading at the rate of 
166 sq yd per man hour on one job while on another 
nineteen men achieved only 50 sq yd per man hour 
With cmrefiil planning and the best type of machinery 
it was found that eleven men could spread 2,500 sq yd 
per hour without fatigue 1 $ 230 sq yd per man hour 
These facts have been brought to the notice of local 
authorities and the interest awakened has led to 
reductions m the labour costs of surface dressing 

Another group of investigations dealing with 
machinery is concerned with concrete mixers, with 
machinery for placing the freshly mixed concrete on 
the soil foundation and with vibrating machinery for 
compacting and finishing the concrete road slabs 
Here the problems arise from the fact that the more 
water is added to the concrete in mixing the easier 
it is to place and work to a flat finish, but the weaker 
it is when set reducing the water too much, on the 
other hand, makes the concrete stick in the mixer 
and renders it troublesome to place and finish The 
task of the research worker 11 thus to study the 
working of each type of machine in detail, making 
modifications in the machines or their mode of use 
where desirable, so that drier concretes may be used 
satisfactorily 

INVESTIGATIONS ON ROAD SAFETY AND 
TRAFFIO FLOW PaOBLRMS 

In 1346 the terms of ref ere n ce of the Road Rerearch 
Board were widened to permit work on road safety 
as a specific object of research Before 1946 the work 
on road surfaces touched on road safety only in so 
far as one of the desirable qualities of a road surface 
is its freedom from liability to cause skidding m wet 
weatho-. For purposes of classification, the road 
safety researches are divided into three groups con¬ 
cerned respectively with road, vehicle and road urer. 

The first group visualizes the road network of a 
district as a service to the people living there, part 
of their apparatus of living. The first thing to find 


out is how this road network functions and how it 
u used This involves taking censuses of traffic, 
measuring journey times and traffic speeds—finding 
out the amount and type of traffic using each road 
and the effectiveness with which each part of the 
network handles the tndpc through it A good deal 
of work has been put into this subject already, 
largely in devising and developing the tools needed, 
traffic counters, speed measuring apparatus, air 
photography and other devices for recording traffic 
behaviour 

An allied investigation concerns road intersections 
and roundabouts, this is being earned) out on a 
disused airfield where various types of road inter¬ 
section or roundabout can easily be improvised , 
these are fed in various ways with numerous vehicles 
in succession providing the 1 traffic ’ This procedure 
gives a measure of the handling power of each type 
of intersection 

Investigations concerned with the vehicle deal with 
brakes and brake testing, controllability, visibility 
from the driving neat, night driving problems, in¬ 
cluding dazzle, together with other problems con¬ 
cerned with vehicle lights The police are, and have 
been, collaborating with the Laboratory to the great 
advantage of the work in the investigations relating 
to headlight dazzle and to the relation of brake 
efficiency to accidents The mvdhtigations concerned 
with the road user are earned on jointly with the 
Medical Research Council they deal with driving 
habits, fatigue, accident proneness and the like 

The collection and interpretation of statistics are 
vital to the conduct of road safety research There 
is a large number of data required concerning all 
types of road accidents, and the statistics group of 
the Laboratory is collaborating with the Ministry of 
Transport, the Home Office and the Police Many 
local authorities are also providing statistical material 
for this work , for example, they are collaborating 
in obtaining records of accidents at particular types 
of intersection with a view to developing improved 
types 

Of all these many investigations two of general 
interest and importance will be mentioned , they are 
concerned respectively with the problem of dazzle 
and with pedestrian crowing* 

Dvj&m — Records of Army service vehicles showed 
that dazzle was recorded as having been a contri¬ 
butory factor in one out of every eight night time 
accidents 

The fint investigation undertaken was of the ' 
exatmg practice* of the road user With the help 
of the police observations on scene 11,000 vehicles 


were made at night on important traffic routes. It 
wm found that only a mail propor ti on of driven did 
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not dip or %witch to a passing system for an approach¬ 
ing vehicle only 1 in, ao for unlighted roads and 1 
in 50 for lighted roads Yet there was a high pro¬ 
portion of vehicles with dazzling lamps 1 in 4 on 
unlighted roads and 1 m 10 on lighted roads For 
every hundred cases of dazzle on unlighted roads 
38 were caused by dipped headlamps, 37 were caused 
by passlamps, and 25 were caused by undipped 
headlamps Most of the dazzle arose not from any 
failure on the part of motorists to switch to dipped 
or passing systems, but to faults in these systems 

Further analysis showed that although passlamps 
were responsible for nearly as many cases of dazzle 
as dipped headlamps they were not nearly so common 
on the road No less than forty per cent of all pass- 
lamps were dazzling, compared with seventeen per 
cent for dipped headlamps The passlamp has thus 
by for the wont record of a 11 types This was attributed 
to misalignment, for the setting of such a lamp u 
very critical The lower the lamp is mounted the 
more nearly horizontal it must be set for a given 
visibility distance 

As a result, a regulation was issued by the Ministry 
of Transport which came into force on 1 January 1949 
prohibiting the use of passlamps mounitd less than 
a It above the ground 

The recommendations made by the Road Rc search 
Board 1 as a result of this work also contained detailed 
instructions for adjusting headlamps It was felt that 
the motorist should be told not only the correct 
alignment of the lamps, but also the methods of 
making such alignments 

Pedestrian crossings —Pedestrian crossings are in¬ 
tended to reduce road accidents by organizing the 
movement of pedestrians across the street The first 
question that arises is whether the present methods 
of marking the crossings are satisfactory or whether 
they could be unproved upon 

The Ministry of Transport felt that Beluha 
beacons and studs could usefully be supplemented 
by some kind of surface markings on the itnp used 
by the pedestrian, and the laboratory made estimates 
of the relative visibility of different types of pattern 
using a model street. They found that wide alternate 
black and white stripes parallel to the kerb were the 
most visible form of marking from the position of the 
approaching car driver As the next step, five hun¬ 
dred marked crossings were laid and five hundred 
crossings at comparable sites were selected for parallel 
observations of the behaviour of both pedestrians and 
motorists. It was hoped that this number would be 
lufBofdtly great to permit any large differences m 
accidents to be detected \ t 

In addition, fifty cromgs were chose^ twenty five 
marked and twenty five unmarked, for intensive 
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Figure i Record of behm tour of pedestrian* 

observation of the behaviour of pedestrians and 
drivers The crossings were marked just before the 
Ministry of Transport's Pedestrian Crossing Week in 
Apnl 1949, and so with the marked crossings the 
effects of marking and propaganda reinforced each 
other Figure / shows the great improvement in 
behaviour of pedestrians plotted against time for 
men, women and children Fhe broken line in the 
diagram refers to the crossings where both marking 
and propaganda were applied It will be seen that 
the effect erf* marking plus propaganda is in both 
cases greater than the effect of propaganda alone, 
that the improvements in behaviour lasted more than 
nine months, and that the residual effect of marking 
after this period 11 as great as the temporary improve¬ 
ment from the propaganda alone Thu investigation 
u still proceeding 


PUBLICATIONS AND PUBLICITY 

When a particular investigation u concluded the 
Laboratory’s task u only half done, the results 
obtained must be brought to the notice of the ‘ user ’ 
in a palatable form The Laboratory relies on its 
publications to accomplish some of this task—them 
comprise Road Notts consisting of summaries or recom¬ 
mendations intended for immediate practical use, 
Technical Papers describing at a greater length par¬ 
ticular researches or fields of knowledge, the Annual 
Report and articles and papert to learned societies 
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Miscellaneous Notes 


It is the constant aim, however, to develop between 
research worker and * user ’ public relations of a more 
personal nature. In 10 large a field of activity this 
presents a problem of spe ci al difficulty but it is 
bong attacked in several ways Thus full scale 
investigations are conducted in many parts of the 
country, visits of our staff to inspect failures and 
discuss problems are arranged, usd visits to the 
Laboratory of engineers and other executives are 
welcomed In addition lecture courses for practising 
road engineers are organised at the Laboratory, 


providing instruction in the theory and practice of 
advanced techniques m soil engineering, m concre te 
and bituminous road co n s truction In these and 
other ways we seek to encourage die free interchange 
of information and opinion between the 1 user ’ and 
the remarch worker at all levels 

REVERENCE 

1 Road Raearch Laboratory Interim measures for the 
prevention of daasle on roads Dept Sci cm/ Msf Am , 
W Research Tick 1 Paper No 14 London, 1949 


Miscellaneous Notes 


DEPARTMENT OP SCIENTIFIC AND 

INDUSTRIAL &EIBAEGH 

Road Research Laboratory —Tests have been earned 
out on the visibility of motor can in daylight fogs, 
using a dark coloured car which, without lights, was 
just visible at 100 ft Sidelights made htde difference 
but a headlight with a low intensity of 2,000 cp 
could be seen at 200 ft Raising the intensity to 
60,000 cp increased the visibility to 300 ft Medium 
•used he a dlam ps fitted with 36 watt bulbs emit a 
beam with a forward intensity of about 20,000 to 
30,000 cp from each lamp, this can be seen at 
about 230 ft 1 1 at about two and a half times the 
visible distance of the unlightcd vehicle The risk 
of dazzle is negligible in daytime 

RESEARCH ASSOCIATION 

British Weldmg Research Association — The Association 
has published a booklet on the photographic aspects 
of the radiography of welded high preaurc vessels 
The publication reviews the desirable characteristics 
of the sensitive photographic materials used, outlines 
the theoretical and practical reasons for the choice 
of a material in a particular case, gives recommen¬ 
dations for the handling and proceamg of the films 
and enumerates the defects which may arise 

NATIONAL RESEARCH COUNCIL, CANADA 

Rxotr model— A scale model of the entire Fraser river 
delta has been put into operation a few miles away 
from the ‘ original' The main purpose of the modd, 
which coven an area of 300 x 400 ft, Is to study 
proposed ch a nnel improvements between the ocean 
and a port about 23 miks upstream Local problems 
of channel maintenance will be considered and the 
model will aba serve as a source of general infor¬ 
mation about tidal rivers which carry large quantities 
of silt 


The model is supplied with water by a pump from 
a reinforced concrete reservoir, water level 11 con¬ 
trolled by a set of tilting wein which return the water 
to the reservoir The weirs are hydraulically operated 
and are controlled by an 1 electronic eye 1 which 
follows the tide curve drawn on a transparent chart 
Tide control and nver discharge control are syn¬ 
chronized and are so designed that without attention 
they duplicate the actual tide and nver levels over 
a period of a whole year 
Electrostatic accelerator — An accelerator capable of 
producing at least four million volts has been put 
into operation at the Chalk River atomic energy 
plant It is utilized as a source of high speed atomic 
beams for breaking up atomic nuclei and will serve 
as supplementary equipment to the atomic pile The 
machine, which weighs fourteen tons, can be used 
to accelerate several types of charged particles, in¬ 
cluding tntium, the third isotope of hydrogen, which 
is made in the pile 

ANIMAL RESEARCH IN FIJI 

Expenments in breeding cattle for heat tolerance as 
well as for high productivity are to be earned out 
on animals already 4 resident 9 in Fyi The heat 
tolerance of an animal remains appro xim ately the 
same throughout its life, and it is planned to make 
measwements on young cattle in the country of their 
origin under artificial tropical conditions 
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New Books 
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Recent Advances in Analytical Chemistry 
EdtUd kb burk and o oruwott 
ittw, JM $«) 

New York and London Intersaenoe Publishers lac, 1949 
94 50 or B7* 

This volume present* in book form a senes of seven 
lectures devoted to the discussion of Advances made 
in recent yean in various provinces of analytical 
chemistry The authors are experts in the fields 
they have chosen, and they discuss the practical use 
and range of applications of the methods selected, 
but at the same tune in each chapter the subject u 
introduced by a general fundamental explanation 
which will enable any scientific reader to understand 
what follows 

In the first chapter I M Kolthoft gives an 
account of the theory and practice of polarography 
and then discusses amperocnetnc titrations using 
either the dropping mercury electrode or a rotating 
platinum electrode, applicable to the determination 
of concentrations of io~ 4 n with a precision of 
±05 per cent 

The next two lectures by J H Yob deal with the 
uses of organic reagents in inorganic analysis A 
general discussion is given of the procedure in 
investigating and establishing a new analytical 
reagent for a metal and several examples are 
descubed from the lecturer’s own publications 
colorimetric reagents for palladium, iron and 
utamum and a gravimetric reagent for tungsten. 

A chapter on infra-red spectroscopy by O A 
Buck describes the apparatus and methods used 
with special reference to the analysis of hydrocarbon 
mixtures 

An excellent account by J Hhjlur of the under¬ 
lying principles and the development of the electron 
microscope is followed by a discussion of detailed 
experimental methods in mounting specimens and 
making observations The chapter concludes with 
a section on electron diffraction by very minute 
specimens which shows promise of developing into 
an important nucroanalytiGal method 

F. D. Roam's lecture n concerned with 
the purification and analysis of hydrocarbons. 
DttUUatton and chromatographic methods are 
deKnbed and precise analyses by accurate freezing 
point observations. In the final lecture by J A 
Hvru on mass sp ectrometry a Iliad introduction 
to the subject » followed by a d itc itt non in seme 
detafflef its application to the analysis of hydrocarbon 
vapours. ^ 

The book k as excdlently produced end illustrated 
as is unial with current American scientific wor k s 


and it can be strongly recommended to anyone 
looking for an account of recent developments m 
analytical technique with indications of future trends 

G M Bennett 

Metal Rectifiers 

K K HENDGH * 

(xtt+itfpp, 55 tUus, 8k tn by j^m) 

Oxford The Clarendon Pros, 1949 ip net 
Metal rectifiers have been of great practical 
importance for at least twenty yean, but their 
development has been largely empirical with, 
generally, little guidance from fundamental theory. * 
When account n taken of various second order 
properties, such as hysteresis and cree p , the mag¬ 
nitude of which may determine whether a rectifier 
is suitable for a given purpose, it is evident that the 
phenomena involved in the conduction of electricity 
through such rectifiers are by no means simple 
Sufficient progress in the theory of the solid state has 
been made in recent years, however, for theory and 
practice to be linked more closely together for the 
benefit of the manufacturer and user on the one hand 
and the physicist interested in fundamentals on the 
other 

In this, the second volume in the senes of mono¬ 
graphs on the Physics and Chemistry of Materials, 
the physics of b&mer layer rectification in so far as 
it is understood today is summarized for the practical f 
worker and the newcomer to the subject The book 
fulfils a definite need It gives a clear account, 
without detailed mathematical derivations, of the 
current theories, due principally to Mott and to 
Schottky, together with the relevant experimental 
data There are concise but interesting chapters on 
methods of manufacture, earlier theories, rectifier 
operation and some notes on Aiture development 
t g the use of Utamum dioxide There are very few 
ambiguities or misprints, and the diagrams are good 
Those working in the field who had the benefit of 
using the author's bibliography, prepared while he 
was at the R A E Farnborough, will be glad to see 
a revised version at the end of the book In a ftiture 
edition, it would help, however, to add initials to 
the names of the authors 

A brief subject index is provided The book u 
excellently printed and produced It may be 
recommended to aO eng i nee rs and physicists who 
wish to learn the pr egot position without having to 
delve into original papers or to sort out a mass of 
detail, afid it will be.ugful to honours physics 
studenti' 4 nd those who are contemplating working 
on the uftgeet 
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Transition between Laminar and Turbulent Flow in Various Liquids 

G RAUMANN, BSc, I S NIXON, B Sc and K G DENBIGH, M A, PhD 

Experimental studies have been earned out on the transition between laminar and turbulent 
flow tn the following liquids water , acetone , butanol, ether and solutions of benzopurpunn 
and polymethyl methacrylate Most of the work was earned out at *o°C, but experiments 
on ether were conducted also at o°C and - 8o°C The results confirm the correctness of the 
Reynolds number in determining the stable type of flow, and it seems therefore that the viscosity 
and the density are the only properties of the fluid which are of significance with regard to the 
mechanism of the fully developed turbulent motion On the other hand, it has been noted that 
there are certain specific differences of behaviour between the various liquids regarding the ease 
of transition between laminar and turbulent flow The presence of colloidal particles, in par¬ 
ticular , seems to facilitate the transition It is also shown that the pressure drop in a straight 
tube continues to be proportional to the fluid velocity in the quasi-turbulent region between 
Reynolds numbers of 2,200 and 5,000 Above R, = 5,000 the present results are in agreement 

with the equation o/Blabiub 


When a fluid passes through a straight channel such 
as a pipe it is well known that above a certain velocity 
the character of the motion changes rather suddenly 
and the flow is said to become turbulent In new- 
toman fluids, the theory of the fluid motion at 
velocities lower than the critical value presents no 
great difficulty and the pressure drop is expressible 
in the form of Poiaeuille’s equation On the other 
hand, the cauvs of the transition to turbulence are 
very imperfectly understood, and so also u the quan¬ 
titative treatment of the turbulent motion itself 
Certain aspects of this phenomenon arc discussed in 
this paper 

As a result of the work of Reynolds 1 , Stanton and 
Pannrll 1 and others, it has been found that the 
occurrence of turbulent flow depends cm the value 
of a dimensionless quantity, the Reynolds number 
For a circular pipe this is defined as vdql %, where v 
a the linear velocity, d the tube diameter, q and rj 
the density and viscosity of the fluid respectively If 
the pressure drop m the tube is plotted as a function 
of this quantity it 11 found that the curves correspond¬ 
ing to laminar and turbulent flow intersect at a 
Reynolds number of about 2,200 For the present 
purposes this point of intersection will be taken as 
the critical value Turbulent flow does not occur 
below this value, provided that the tube u straight 
and the flow is being studied at a point sufficiently 
fiur along its length for the eddies created at the 
entrance to have died out On the other hand it 
■ pomble for laminar motion to persist in a kind 
of metast&ble state at Reynolds numbers greatly w 
occett of 2,200, especially when there u an absence 
of any disturbances to the flow 


The Reynolds number as a criterion of turbulence 
implies that the viscosity and density are die only 
properties of the fluid which are of significance m 
the mechanism of turbulence It n therefore rather 
surprising that there has been very little systematic 
study of the transition except for air and water, which 
were the subject of the cliusical researches of Rey¬ 
nolds 1 and others* • It has seemed worth while, 
therefore, to make measurements on a number of 
other fluids of varying degrees of complexity This 
has been the principal object of our work We have 
also sought to determine whether temperature has 
any effect on the critical Reynolds number, apart 
from its effect cm viscosity and density Finally, we 
have examined the flow of water in a non-wetted 
tube (polythene) in order to determine any effect of 
the surface forces 

The transition may be investigated by a number 
of methods, as for example the colour band technique 
originally used by Reynolds and recently greatly 
improved by Bowen and Binnib* For our own pur¬ 
pose we chose the second of the methods used by 
Reynolds, namely the measurement of the difference 
in pressure between two points along the tube, at 
various rates of flow The results on some pure 
organic liquids and colloidal solutions are in agree¬ 
ment with the view that the Reynolds number b a 
sufficient criterion of the stable type of flow On the 
other hand, the various liquids show certain specific 
differences with regard to the ease of the transition 

experimental 

The main senes of exp erim ents was earned out 00 


the apparatus shown in Figure / 
580 
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The liquid under investigation entered the apparatus 
from a constant head tank which was at a height of 
36 ft (11 m) above the laboratory from the tank 
the liquid descended to a coil contained m a thermo¬ 
stat controlled at ao°G The liquid then entered the 
experimental tube JLM and from its outlet was 
pumped up once again to the head tank The flow 
rate was determined by the use of a measuring 
cylinder and stopwatch The experimental tube 
cornu ted of a o 5 cm precision bore steel tube which 
was copper lined to prevent corrosion The part of 
the tube over which the pressure drop was measured 
was 900 cm m length The portion JL preceding 
the upstream pressure point was detachable and 
could be varied in length from 4a to 180 pipe 
diameters Thu portion will be referred to as the 
inlet length The whole of the experimental tube, 
including the inlet length, was jacketed by another 
pipe m which water from the thermostat was cir¬ 
culated by the pump ft 

The details of the pressure point design, which 
was based on the one used by Grmdley and Gibson 4 , 
are shown in Figurt 2 Thu design was chosen as 
giving the least duturbance to flow The method 
was to cut the experimental tube and to separate 
the two parts by a gap of about o 125 mm Thu 
narrow channel communicated with a wider annulus 
which in turn transmitted the pretfure by means of 
two mall holes to the manometer The latter u 
shown in the inset of Figma 1 , at small rates of flow 
the tap X was held open and the pressure was 
measured as a difference in level of the same liquid 
that was flowing through the expe riment a l tube , at 
higher rates of flow the tap was closed and the 
pranire was read from the mercury levels in the 
central U-tube. The heights of the men is ci were 
measured by nuai» of a cathetometpr 

The Uquld> used in the investi g| tion were as 
follows 


a distilled water, for the purpose of comparing results 
with those obtained by the earlier workers 

b acetone 
c butanol 

d a solution in acetone of 6 per cent by weight of 
polymethyl methacrylate (average m wt 100,000) 
§ solutions in distilled water erf o 03 and o 95 per 
cent by weight of benzopurpunn 4B 

f a solution of o 003 per cent of benzopurpunn m 
o 8 per cent aqueous sodium sulphate solution 

The purpose of using the benzopurpunn solution was 
to investigate the possible effect on the onset of 
turbulence of the highly anisotropic rod-shaped par¬ 
ticles which are known to be present in colloidal 
solutions of the dye 11 The sol was prepared by adding 
a small amount of water to the weighed out solid 
dye and grinding this mixture until a smooth paste 
was obtained Thu was then added quantitatively 
to boiling water and made up to the required con¬ 
centration After standing for twenty four hours the 
sols showed a well marked birefringence when 
examined between crossed polaroids The sols were 
not used in the experimental apparatus until they 
had aged for several days in order to obtain constant 
properties 

The viscosities of the various liquids were deter¬ 
mined as follows the viscosity of water at 90 o°C 
was taken as o 010 poise and, using thu figure, the 
mean diameter of the experimental tube was cal¬ 
culated by applying Poueuille's law to the measured 
pressure drop of water in laminar flow Thu figure 
agreed very closely with direct measurement Using 
this value for the diameter, the viscosity of die re¬ 
maining liquids was then computed by again applying 
Poiseuille’s law to the measured pressure drop of 
these fluids in laminar flow 

In addition to the main senes of expenments, as 
described above, work was also earned out on the 
flow of water through a polythene tube and on the 
possible effect of low temperatures on die onset of 
turbulence The first of these was carried out m an 
apparatus similar to that already desenbed, m which 
the copper-lined steel tube was replaced by a poly¬ 
thene tube of fairly uniform bore The low tem¬ 
perature work was earned out on a rather di fferen t 
apparatus, in which a coil was used in place of a 
straight tube in order that the apparatus could be 
conveniently immersed in a large Dewar beaker 
The apparatus is shown diagnmmatftcaliy in Ftgm 3 
The cell, which was made of 3 18 mm bore copper 
pipe, had a diameter of 18 cm, and the pre ssur e drop 
was measured between two points A and 8, which 
were am apart along the cod ,9 5 mof pipe preceded 
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the first p re ssur e point in order to attain a steady 
temperature in the liquid flowing through the coil 

REPRESENTATION OP RESULTS 

For lack of an adequate physical theory, the quan¬ 
titative treatment of experimental results on turbulent 
flow is usually earned out by the method of dimen¬ 
sional analysis For this purpose it is supposed that 
the only variables which are of importance are the 
following / die preaure difference per unit length 
of tube* Ap/l , a the linear velocity of flow, u , 5 the 
tube diameter, d , 4 the density, of the fluid, and 
5 its viscosity rj (If entrance effects are present or 
if the pipe is rough, additional variables must be 
included) 

Between these five variables an infinite set of 
dimensionless groups can be constructed, but of 
these only two are independent, the remainder being 
products or quotients The two independent groups 
can, of course, be chosen at will For one of these 
the Reynolds number 

R, = vdQ/ti ( 1 ) 

is universally chosen and is regarded as having a 
certain physical significance as representing the ratio 
of die inertial to the viscous forces For the second 
independent group, the quantity 

(AfilD X (4*4 

is often chosen In engineering practice one half of 
this quantity is frequently used and ts called the 
Fanning friction fhetor This last dimennonlea group 
is useful in practical work, but it has the disadvantage 
that the velocity of flow is contained in it, as well 
as in the Reynolds number, thus obscuring the 
physical significance of the resultant plot For our 
own p ur pos es we prefer to multiply this quantity by 
the square of the Reynolds number Hus gives a 
dimennonkm group not containing the velocity, 
which we shall call the preaure fhetor, P, where 

P * (Ap/[) x (rftyij*) (a) 


Experimental results can be ex prea e d very con¬ 
veniently by plotting the value of this quantity 
against the value of the Reynolds number This is 
the same procedure as used originally by Reynftlds 
It has the advantage, as compared to the more 
customary use of the friction fhetor, that for a par¬ 
ticular fluid and a tube of fixed diameter it is 
equivalent to plotting the pressure drop (or work 
per unit volume of fluid) against the flow velocity 
The resultant plot shows very clearly the additional 
energy dissipation which occurs when the flow 
becomes turbulent 

DISCUSSION or RESULTS 

The results obtained in the mam senes of experiments 
at ao°C are shown in Ftgm 4 where the experimental 
values of the pressure fhetor P have been plotted 
login thnucally against the Reynolds number for all 
the liquids under test At a given value of the Rey¬ 
nolds number, except in the unstable transition 
region, each liquid has the same value of the prewure 
fhetor This result confirms the traditional view that 
the viscosity and density of dm fluid are die only 
properties which are significant in determining the 
stable type of flow 
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The more detailed dacumoa of the results and, 
in particular, the question whether the above con- 
dimon ts also valid in the transition region, can best 
be carried through fay separate consideration of the 
vinous types of flow. 

Lammofflm —-At low flow rates all the liquids 
including the polymer and dye solutions gave a 
pr essure drop proportional to the velocity, in agree¬ 
ment with Foaeuille’s law Although dye sols fre¬ 
quently show deviations from this law at low flow 
rates 1 , no such deviations were observed on the 
besuopurpunn sol at the concentrations in use 

The p r em ure drop m laminar flow according to 
Potseuille’s law is given by the equation 

Apjl - 32m?/<F 

Multiplying through by rfV^ 1 gives 

(Ap/l) x (Pely*) - Hode/t} 

or 

Pi - >2* (3) 

where Pi denotes the value of the pressure factor 
in laminar flow In this type of flow the premure 
factor is thus equal to 39 times the Reynolds number 

Fulfy developed turbulent flow — At Reynolds numbers 
above 5,000 under turbulent flow conditions the 
premure drop vanes as a higher power of the velocity 
than in laminar flow Reynolds obtained the ex¬ 
ponent as 1 793, but a more frequently used expression 
is that of Blashjs*, according to whom the exponent 
u 1*75 (At very high Reynolds numbers or in rough 
pipes it a known* that the exponent mi the Reynolds 
number approaches 3) 

The Blasius equation may be rearranged in terms 
of our pressure factor, as followi 

( 4 ) 

where P t denotes die value of P in turbulent flow 



Awanjblif plotted qdijlftwkb 
umber fir oc o tem md woter 



Itgtm 6 Pressure /odor ploUod esavut Reynold s 
number for butanol 01 a sols 

and A* is a prop or tionality constant Our own results 
at Reynolds numbers above 5,000 are in good agree¬ 
ment with this equation The mean value of if is 
o 15, which 11 not significantly different from the 
value K o 158 obtained by Blasius 

Th$ region o/joo < It, < 5,000— The intersection of 
the curves defined by equations 3 and 4 (when 
K = o 15) is shown at F m Figure 4 and occurs at 
a Reynolds number of about 1,300 This point has 
no clear significance because equation 4 ceases to 
give good representation of the results at Reynolds 
numbers below about 5,000 Bebw this figure the 
experimental curve passes imperceptibly into a straight 
line such that the pressure drop is directly proportional 
to the velocity, and not to the 1 75 power of the 
velocity as in the fully developed turbulent flow 
This a shown more clearly in Figures 5 and 6 where 
the experimental results on die various liquids at 
Reynolds numbers below 5,000 are shown on a larger 
scale than m Figure 4 It u to be noted that whereas 
Figure 4 is a logarithmic plot. Figures 5 and € are 
direct plots of P against A, 

The straight line which represents the turbulent 
or quasi-turbulent flow at Reynolds numbers below 
5,000 intersects die line (equation 3) which is repre¬ 
sentative of laminar flow at an angle The point 
of intersection, for all the liquids examined by m, 
occurs at a Reynolds number of about 9,000, and 
it is this point which we described at the outset as 
the critical point of transition, Hus point 11 repre¬ 
sented in Figure 4 at J^ 9 and in Figures j and 6 at C 

The quan-turbuknt flow below R 4 — 3,000 can 
thus be represented ap p rox im ately by a linear 
equado^ as follows 

P t - l$tA,- 3 * 6,000 ... (3) 

where P t denotes the value of the prasure foctor in 
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dm intermediate region Equationi 3 and 5 give 
identical values of P at R =* 2,300, the critical point 
On the other hand, this 11 not necessarily the actual 
point of transition This distinction arises from the 
fhet that on passing through the Reynolds number 
of 3,200 the actual experimental points do not 
necessarily pass smoothly from the values represented 
by equation 3 to those rep r es en ted by equation 5 
It is in this respect that the various fluids examined 
by us show specific differences of behaviour as will 
now be described 

The results on water and acetone are shown in 
Fifurt 5 and were all obtained with the long inlet 
length of 180 diameters Both liquids continued to 
obey Poiseuille’s law at Reynolds numbers above 
3,200 and up to about 3,300 1 1 points were obtained 
along the prolongation CD of the laminar line beyond 
the critical point Between Z2, 3,300 and 

Rf « 3,600 the pressure drop was higher than 
corresponded to equation 3 and lower than corre¬ 
sponded to equation 5 However, there were large 
and rapid fluctuations m the observed pressure and 
the region R t = 3,300 to 3,600 was essentially un¬ 
stable and marked the point of the actual transition 
between the two types of flow Above R, «■ 3,600 
the points all fell on the line defined by equation 5 
and were fairly steady except for very small fluctua¬ 
tions, and these in turn disappeared entirely at a 
Reynolds number of 3,800 It is to be noted that the 
above phenomena could be observed whether 
successive readings were taken with increasing or 
decreasing rates of flow 

The results obtained with the polymer and 
benzopurpunn solution, using the same inlet length 
of 180 diameters, are shown in Fi&trt 6 In both of 
these liquids there was little or no tendency for 
laminar flow to persist at Reynolds numbers above 
2,300 Thus, unlike water and acetone, there was 
an almost continuous transition between the lines 
defined by equations 3 and 5, and die breakdown of 
the laminar flow was accompanied only by quite 
small but fairly rapid fluctuations of pressure These 
disappeared entirely above R, 2,800 It 1* to be 
noted that m colloidal solutions there was no evidence 
of a transition to turbuflfoce at anomalously low 
Reynolds numbers, such as have been mentioned by 
Oswald* and others** 11 

The transition m butanol was studied with two 
different inlet lengths The results marked Am a in 
Figurt € were obtained with the inlet length of 180 
diameters and are similar in character to those 
obtiined with water and acetone The liquid re¬ 
mained in laminar flow up to a Reynolds number of 
about 3,900 Conditions then became very unstable 
and violent pressure fluctuations occurred On the 
other hand*, if a short inlet length of 49 diameters 


was in use, the laminar flow broke down quite 
readily at a Reynolds number of 3,300, only slightly 
above the critical point The presmre fluctuations 
were small but fairly rapid It seems, therefore, that 
the ease of transition 11 markedly dependent on the 
amount of disturbance in the flow which persists 
downstream from the inlet This was confirmed by 
returning to the use of the long inlet length, but 
inserting a piece of fine copper wire at its upstream 
end in order to increase the disturbance The results 
obtained were almost identical \yith those for the 
short inlet length In Ftgan 6 these results are marked 
Runs 1 and 3 

So far discussion has been confined to the main 
senes of results as obtained with the copper lined 
steel tube at ao°C As mentioned previously, work 
was also earned out on the flow of water through a 
polythene tube and on the possible effect of reduced 
temperatures The results in the polythene were not 
significantly different from those obtained in copper- 
lined steel and there was thus no indication that foe 
wettability of the surface played any appreciable 
part in the phenomena observed 

The work at reduced temperatures was earned out 
using diethyl ether as foe flowing liquid The ex¬ 
periments were performed at the t em p era tures of 
melting ice and solid carbon dioxide in acetone The 
results are shown in Ftgurt 7 and it is evident that 
at a given value of the Reynolds number the pressure 
factor has a fixed value irrespective of the temperature 
This again confirms the view that foe only physical 
properties of the fluid which are significant are foe 
viscosity and density, their variation with temperature 
being contained m the Reynolds number 
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It is to be noted that the results of Figure 7 refer 
to a ‘coil and are therefore not directly comparable 
with the earlier results In particular, there is no 
definite point of transition between two types of 
flow such as that occurring at R, « 2*900 in a straight 
pipe Rather there seems to be a gradual change 
from one type to the other over a range of Reynolds 
numbers from 1,000 to 0,500 

CONCLUSION 

Hie experimental results show the remarkable 
correctness of the Reynolds numbrr in determining 
the stable type of flow However, there are two 
important qualifications The first is that the 
Reynolds criterion can be applied only if there is 
newtoman flow in the region of low flow rates , 
otherwise the whole concept of viscosity becomes 
ambiguous and there is no means of formulating the 
Reynolds number The second point u that the 
1 critical * Reynolds number determines the lowest 
velocity at which turbulent flow can take place 
(subject to the conditions discussed at the outset), 
but it does not determine the highest velocity for the 
occurrence of laminar flow Thu type of motion can 
undoubtedly occur at Reynolds numbers greatly in 
excels of the 1 critical' point and to a degree which 
depends both on the nature of the fluid and on the 
freedom from disturbance Thus laminar motion in 
water flowing through a pipe has been observed 
under favourable conditions at a Reynolds number 
an high a* 50,000“ 

In our own work no very elaborate precautions 
were taken to avoid disturbance, but the laminar 
flow has been observed m water and acetone up to 
a Reynolds number of 3,400, and in butanol which 
is more viscous, up to about 3,900 In such cases 
the actual point of transition between the two types 
of flow is marked by violent fluctuations of pressure, 
and the measured values of the pressure drop change 
quite abruptly between the values expressed by equa¬ 
tions 3 and 5 

The result of using a shorter inlet length was to 
fhcihtate the transition between the two types of 
flow The presence of colloidal particles, as for the 


polymer and bensopurpunn solutions, seems also to 
promote the transition 

a 

We have regarded the' critical 1 Reynolds number 
of transition as being given by the point of inter¬ 
section of the lines defined by equations 3 and 5, 
irrespective of whether or not the transition actually 
took place at this point, for the latter depends on 
the degree of disturbance The value of this critical 
Reynolds number was 9,200 in each of the fluids 
examined Thu was in* good agreement with results 
obtained by other observers 1 * 11 , these usually lie in 
the range 2,000 to 2,200 

It is to be noted that immediately above the 
transition point the pressure drop continues to be 
directly proportional to the fluid velocity as u ex¬ 
pressed in equation 5 It is only at Reynolds numbers 
above about 5,000 that the pressure drop vanes as 
the 1 75 power of the velocity as in equation 4 Thu 
was also iound by Nusan 1 *, and the same conclusion 
may alio be drawn from an inspection of the results 
of Stanton and Pannbll 1 
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Obscuration and Smoke Density 

It m ciuternary to estimate the obscuration produced 
by a natural mist or artificial smoke screen in terms 
qf the wual range The furthest prominent object 
from the observer that can be distinguished is picked 
out and its distance measured or located on a map 
to give what is called the ' visual range * Thu is 
related to 1 visibility* by what is known as Trabert'i 
law 1 which states that the visual range is prop or tional 
to the quotient mean radius of smoke particle mass 
concentration of smoke The visibility of a given 
target through a particular type of smoke actually 
depends on the ' contrast brightness' E, defined as 

apparent brightness 

jp ^ of target — brightness of background 
bnghtnea of background 

Kosghmuder 1 has shown that the visual range si 
given by In (E/k) k n the optical density which may 
be written fina* where n n the number of particles 
of radius a, and / is a factor to allow for the variation 
of tranununon of light through a screen of particles 
with the wavelength X of the light 

In an investigation of the efficacy of smoke screens 
carried out dunng the war for the Ministry of Supply 
we had the opportunity of testing Trabert’i law and 
the result? are now published because of their con¬ 
nection with measurements at present being earned 
out in Britain and North Araenca of the mean drop 
sue found in ram and in fogs, and the resulting effect 
on visibility in such conditions 

The work now reported was earned out inside the 
pagoda m Kew Gardens (London), which at that 
time (194a) had large holes made in the floors of the 
lower storeys, 10 that it was in effect a vertical cham¬ 
ber of about loom* capacity A small cordite 
operated 4 gun * was used to disperse & measured 
volume of liquid (10 — 50 cc) from a height 50 ft 
above the ground floor level Thu, mounted in a 
vertical position m the inten^^pf the pagoda on the 
fourth storey, u shown in Fijkn j Smoke density 
was recorded by three photometers. 

Visual range was estimated from time to time by 
otuervers who noted the maximum distance at which 
they could stand away from the windows and yet 
distinguish the window frames After a period of 
minutes the smoke cleared by coagulation even in the 
still air of the chamber 

The mean optical density k defined as In /*//, 
where / 9 a the intensity of light in the absence and 
1 that in the pres en ce of smoke was calculated from 
the mean of the photoelectric currents. 

Typical results are shown m the following tables 
TM$ /shows how optical density increases with time 
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(at first) and with the quantity of liquid (titanium 
tetrachloride) TabU II shows as theory indicates, 
that the product of optical density and visual range 
u constant 

At greater concentrations the elementary value of 
no longer applies 
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From the value* of optical density and visual range 
m TeNt 17 we can derive, tifeng Keschnieder’s 
formula, the value of the contrast brightness, which 
work* out at 009 la those smokes. 
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It ii also ponUe to calculate the mean radius of 
moke particle i, assuming Trmbert'i law As the 
volume v d isp e rs e d in 1 co of air is fm 1 , a being 
now the number of particles in 1 cc, k = 30/4/0 or 

* - 

It u alio ponble to take a ample of the smoke 
and find its drop sue distribution in the ultra- 
microscope By this means a n found to 03 p for 
these smokes. As the value of / for this sue is 2 {qf 
Houghton\ Richardson 4 ), v — io* t when 10 cc 
is dispersed in the chamber, and the mean value of 
Jfe — 01 from TabU I (for 10 cc), so in the formula 
above we get a ■■ 041 Also n ■=■ io* from the 
formula for k which value tallies with the ultra- 
microscope counts 

Them experiments are, therefore, in qualitative 
agreement with Traberfr law 

Thu not* is published unth the permission qf th* Chtqf 
Scientist, Ministry qf Supply, and Figure 1 with the per¬ 
mission qf th* Controller, H M Statwmiy Office 

A C Merrinoton 

Rocket Propulsion Department 

Royal Atnufft Establishment 

£ G Richardson 
King** College, Newcastle open Tym 

{Received October 1940) 
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Voltage Gradients t n Hteh Current 
Spark Channels 
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bigun / Voltage oscillogram fir e 1S8 ke As- 
charge between copper-tungsten electrodes $ mm 
apart Breakdown occurs ei A end dtfdt -■ o at 8 
The calibration voltage is *oo v end the 
twang esedletm has a period qf 5 microseconds 

was used by Craoos and Meek* who determined the 
gradients existing in low current sparks w argon and 
hydrogen, by calorimetric measurements 

In order to study high current discharges in this 
laboratory an impulse generator has been built with 
which peak currents up to 500 ka have been obtained* 
Using this generator, which has a discharge capaci¬ 
tance of 57f*F at 35 kv, the voltage gradients along 
short spark channels have been determined by 
oscillographic measurement of the voltage drop 
across the gap for several gap lengths The voltage 
and current measurements have been recorded using 
a sro kv continuously evacuated cathode ray oscillo¬ 
graph The current waveform was oscillatory and 
reached its maximum value after 7 7 pace 

The voltage oscillograms were distorted by an 
induced voltage resulting from the large values of 


Thx conducting path existing between two elec¬ 
trodes, after the breakdown processes of electron 
avalanche formation and streamer propagation 1 have 
been completed, u known as the spark channel In 
continuation of earlier research 1 in this laboratory 
mto the characteristics of the spark channel, deter¬ 
minations have been made of the voltage gradients 
existing in high current sparks In atr Currents up 
to 065 ka have been used and the effect of different 
electrode materials has been investigated 

High current discharges have been studied by 
Noams* and Karsrn 1 , but have been limited to 
c ur rants not grea ter than zoeka. Direct osnlk>i 
graphic measurement of the voltage drops across 
ipartf- channels in atr have also been made by 
Hsohah and Mmf 1 , and Flowers*, In the latter 
measurements currents bp to iooka*were studied. 
An iadmet method of determining voltage gradients 
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di/d/, and for this reason the voltage drop was 
measured at the instant when this induced EMF 
was zero t $ at the current maximum when di/dt = o 
To obtain oscillograms suitable for accurate tpeasure- 
ment (1 * of small slope dvjdt when t » j 7 face) 
the above induced voltage in the measuring circuit 
was reduced by subtracting the voltage which ap¬ 
peared across a suitable mutual inductance coil If 
the induced voltage recorded is expressed in the form 
M di/d/ theq the quantity M vanes during the tint 
few microseconds of the discharge 1 because the 
diameter of the conducting path vanes greatly 
during this period As a result it was not possible 
to cancel completely the induced voltage and obtain 
an oscillogram showing the variation of the discharge 
voltage as a funenon of time 
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One half of the spark gap voltage was applied to 
the deflection plates of the oscillograph by means of 
a potential divider and matched concentric cable. 
This oscillograph could withstand one half of the 
pre-breakdown voltage without damage, and the 
deflections after breakdown were adequate for 
measurement as can be teen in the typical oscillogram 
given in Figure r 

Some results are given in Figure 2 for tungsten 
and magnesium electrodes Tests were also performed 
with copper-tungsten electrodes, but the effect of the 
copper was not detectable The measurements show 
that the gradients are high and increase with in¬ 
creasing current in the range studied (188-463 ka) 
From the graphs it is evident that, with the volatile 
magnesium electrodes, the metal vapour had an 
appreciable effect on the discharge It u not known 
at present whether tungsten vapour appreciably 
affects the discharge in the tune involved, but relevant 
investigations will be undertaken 

These experiments emphasize the Cut that long 
gaps are desirable, if sparks in pure gases are to be 
studied 1-4 , as short gaps soon become contaminated 
fay metal vapour from the electrodes’. 9 Velocities 
of migration of ntttyjjhc vapour clouds up to 
a 1 x 10 1 cm/sec (for Zn) during the first o 37 pace of 
the discharge have been measured by Lawrence 
and Dunninoton*, and similar results have been re¬ 
ported by later workers 9 Experiments are m hand 
to produce a long high current spark from the high 
current generator, in conjunction with a high 
voltage generator, using a circuit described by 
Solomonov m , and developed independently m this 
laboratory by Durnford and McCormick 11 

J E Allen 

Dipt JSecMcal Engineering 

Umoemfr tf Lwtrpool 


Adsorption of Cobalt Naphthenate by • 
Cellulose Fibres 

Cobalt soaps, such as the naphthenate and 
linoleate, are added to linseed oil varnishes used in 
printing inks to catalyse the autoxidation reaction, 
which results in the varnish changing from a liquid 
state to a solid one In practice it has been found 
that this gelation is retarded by some types of paper, 
particularly those papers which, when they are ex¬ 
tracted with hot water, yield extracts of low pH It 
was considered possible that the inhibition might be 
due to adsorption of the cobalt soap by the cellulose 
fibres Preliminary experiments have demonstrated 
that adsorption of cobalt from solutions of cobalt 
naphthenate in oil (linseed and olive) on paper can 
occur, and it u felt that a note indicating the existence 
of the phenomenon may be useful at this stage 
Later, it is hoped to study the adsorption in greater 
detail and to ascertain its importance to the general 
problem of drying of inks on paper 

experimental 

The work to date has been done on a Whatman No 1 
filter paper as supplied and on the tune paper 
acidified with hydrochloric acid and sulphuric aad 
In all cases the experiments were made with the 
paper conditioned at a fixed relative humidity 
Three types of experiment were made 
1 Spreading experiment *—A narrow band of cobalt 
naphthenate solution in od was run across a strip of 
paper, and after spreading for an arbitrarily chosen 
time the cobalt band was developed with rubeamc 
and 1 The cobalt band on and paper was much, 
narrower than the width to which the od had spread. 
On noo-acid paper foe cobalt band width was de¬ 
pendent upon the concentration of the applied 
solution and at the highest concentration was 1# wide 
as the od band 
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l Ebtim experiments — f The above expenmenji were 
repeated m all detail except that pnor to development 
the applied band was eluted with oil using normal 
chromatographic techniques Upon development the 
cobalt band was found to be of the same width and 
in the same position as in the non-el uted case 
typical results with olive oil solutions are shown on 
Figure /, strip /-7 Figure 9 shows the measured 
cobalt band width as a function of concentration for 
two experiments with olive oil solutions, which differ 
only in the extent to which elution was allowed to 
proceed The line representing the non-acid papers 
shows clearly that the band width is dependent only 
on concentration and not on elution The results 
for the acid paper show a much smaller dependence 
on concentration within the range studied, suggesting 
that the adsorptive capacity of the paper is greater 
than the amount of cobalt which has been applied, 
even at the highest concentration used In a further 
experiment elution with petroleum ether following 
oil elution produced a band in the same position and 
of the same width as the (Hie observed after a single 


elution with oil Thu irreversible adsorption ob¬ 
served with olive oil as solvent was also found with 
linseed oil on acid paper, strips 8 to 10 

Experiments using linseed oil as solvent for the 
cobalt naphthenate are complicated by the ability of 
the linseed oil to oxidize to a gel Because of this 
some interesting results have been obtained With 
the non-scad paper at low cobalt concentration, strip 
It, the cobalt has moved down the itnp with the 
eluting oil but at higher concentrations the od has 
been stopped at the band of application of the 
cobalt, strips 12 and 13 Thu latter effect u pre¬ 
sumably due to the band of cobalt naphthenate solu¬ 
tion in oil having gelled between the time of applica¬ 
tion and the time of elution A comparison of this 
result with that on the acid papier (strips 8 to 10) 
suggests that the adsorbed cobalt on the acid paper 
u leas active in promoting gelation 

3 Capillary nse experiments—Figure 1 (strips 14 to 2 /) 
show* the mult of an experiment in which a solution 
of cobalt naphthenate in olive oil was allowed to 
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rise up itnpi of paper and acidified papier The 
ratio of the height of nse of cobalt to the height of 
nae of oil a fiords a measure of the relative adsorptions 
The results are summarized m TabU 1 
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Figure 1 and TabU I show clearly the influence of 
acidity on the adsorption These experiments have 
t shown that cobalt can be irreversibly adsorbed from 
olive oil or linseed oil solutions on acidified filter 
papier and from dive oil solutions on non-acid paper 
It n also apparent that with linseed oil the adsorption 
inhibits the drying 

The authors* thanks an dm to the Council and Director 
qf The Printing, Packaging and Allied Trades Research 
Asso ciati on for permission to publish tbs note 

R R Coup* 

W H Banks 

Patra House 
Leatherhead 

Sump (Received October 1970) 
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The Dielectric Properties of Copper 
Oxide Rectifiers 

Audiofeequemgy measurements of the barrier 
layer capacitance are often made on metal rectifiers, 
becau* they yield from the Schottky capacitance 
rdattonship* a value for both the height of the 
potential bamer fit the contact and the density of 
the io n ised impurity centres m the bonier layer. 
The capacitance a generally asnimed to be wide* 


pendent of frequency, but recently published 
measurements 1 on selenium rectifiers have shown 
ths asnimptum to be in co rrect 

Measurements of the barrier layer capacitance C 
and differential resistance R have now been made 
at frequences between about 100 c/s and to kc/s on 
a number of copper oxide rectifiers An impedance 
bridge was used, the circuit of which enabled AG 
to be superposed as a small np>ple, about go mv in 
amplitude, on the constant DC bias Errors due to 
stray impedances were eliminated by a Wagner 
earth device and the measuring arm of the bridge 
was compensated for the effect of the small resistance 
due to the layer of semiconductor m series with the 
barrier layer 

It was found that with increase in frequency the 
capacitance C decreased m the manner illustrated 
in Figure / The differential renstance R also varied 
with frequency, and was smaller than the corre¬ 
sponding value obtained from the slope of the DC 
current/voltage characteristic The effect can be 
described by supposing that in the conventional 
rectifier equivalent circuit a frequency dependent 
resistance Rf is connected m shunt with the DC 
differential resistance R4 to give a combined resist¬ 
ance R 

The above procedure enabled the Ion angle 
tangent, tan 9 « i/RCm, of the barrier layer to be 
split into two components, one due to the DC 
resistance R4 and the other due to the frequency 
dependent resistance Rf The latter component was 
obtained from" the equation 

tan qp f »* (l/RCm) — (1 JR fieri) 
where o> — 2 nj u the angular frequency 

In Figure 1 values obtained at i8*C for die capaci¬ 
tance of a rectifier with approximately 04V DC bias 
applied m the blocking direction are plotted together 
with corresponding values of tan tp' The curve 
drawn through the experimen tal loss angle points u 
a theoretical Debye absorption curve, calculated for 
a maximum Ion angle tangent of o 0995 occurring 
at Goo c/s Great accuracy cannot be claimed for 
the values of loo angle plotted on Figure 1 because 
the di ffer e nce s observed between R4 and R were 
small. TJ» err o r s were greatest at low frequencies 
and their possible magnitude fa shown on the curves 
for iff* in Figure 1 

Measurements were also made on the same rectifier 
at 4 - 40°C and o*C. The maximum lorn angle 
tangent was found to be different at both of these 
temperatures from tint obtained at i8°C, but It 
cannot be stated Whether or not this effect was dbe 
to a tetoperttture change alone, because the bias 
voltage was varied to obtain die best conditions for 
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measurement of tan p' In Figure 1 normalized values 
of tan <p r obtained at o° and 40°C are also plotted 
and show that the absorption curve had shifted to 
lower frequencies as the temperature decreased The 
measurements do not cover a large enough range of 
temperature to enable ft reliable estimate of activa¬ 
tion energy to be made At temperatures higher 
than 4o°C the DC resistance of the barrier layer was 
low enough to swamp the absorption effect Below 
0 °G the absorption peak occurred at low frequencies, 
and the bridge wii insensitive to capacitance change 
Another method of measurement will be required to 
extend the observations to lower temperatures 

The mechanism of the effect has not yet been 
established Since cuprous oxide is a reserve semi¬ 
conductor the relaxation mechanism described by 
Goodman, Lawson and Scmra 9 cannot be excluded, 
but the fact that the lam angle tangent curves were 
within broad experimental limits, symmetrical with 
respe ct to log (frequency) suggests this mechanism 
is not responsible for the observed effects An alter¬ 
native mechanism u that dispersion and absorption 
arise from the motion of Cu+ 10ns in the barrier 
layer, as cuprous oxide is known 4 to possess a small 
tome conductivity due to the migration of Cu + ions 
A value of 6 x io* T lattice defects per cc at i8°G 
was obtained from a calculation similar to that made 
by Buokuoudgs* for absorption due to lattice 
defects m alkali halide crystals In our calculation 
it was asnrmnd that the ions migrated by Schottky 
defects (due to musing Cu+ ions), that the distance 
b e tween neighbouring Cu + ions was 3 A, and that 
the dielectric constant of cuprous enude at high 
frequencies was ifl The demty value obtained is 
not unreasonable. 

Although the mechanism causing the observed 
effects u still uncertain, the measurements have 
established that at audiofrequencies both the capaci¬ 
tance*? and differential resistance of copper oxide 
barrier layers depedtt upon the frequency of measure¬ 
ment If is hoped to elucidate the'fnochaniun by 
Anther experim e n ts which are in hand 
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A Simple Method for Measuring the 
Movement of Insoluble Monolayers 
at Atrj Water Interface 

The technique for the measurement of force/area 
curves of insoluble monolayers has recently been 
described by Albxandbx 1 , if elasticity, compressi¬ 
bility and re-expansion of monolayers are to be 
studied, it is advantageous to supplement the study 
with a method which allows measurement of the 
exact movement of the monolayer To this end we 
used a Rectangular glass trough with dimensions 
x 3 x 49 x o 4 cm , the glass of the bottom of the 
trough had the same thickness as a micros c opical 
slide The trough was placed on the table of a 
microscope in such a position as to allow the obser¬ 
vation of the monolayer up to an enlargement of 
300 tunes Polarized light was conveniently obtained 
by means of Polaroid The film was spread on a dean 
surface w}th an Agio pipette and comprwed in the 
usual manner to give the force/area curve (Figvn 1) 
The convex and linear parts show the different pres¬ 
sure regions characteristic for a given proton After 
cleaning the surface the mica-float was replaced by 
a fixed glaa slide and the film was spread once more 
The movable glass slide was slowly moved into a 
position where only a premire of o 3 to 1 3 dyne/cm 
was exercized (Figure /, circle) Then a glass rod 
(or glass wool) of about 4cm length was gently 
placed on the monolayer so as to be visible in the 
right hand re g ion of die ocular-micrometer $ slight 
prasurd now applied moved the glass rod from right 
to left, thereby showing toe comprcmon of the 
monolaye?, on re-expansion it moved from left to 
right agfciik The'glass rod eHmtnated vasehnod 
threads , upon slightest pressure die glass tod sh owed 
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The values for Aq may be compared with those of 
Dkrvichian 1 , who found Aq for EuglobuUmt 053 
and for PstadagleMmes 034 at pH 45 The co¬ 
efficient of compressibility M t was calculated from 
formula given by Neurath and Bull 4 



Figure st 



Figure ab 


a free and steady movement, thereby proving that 
it had not pierced the monolayer As long as the 
latter consists of gas and islands, to quote Harkins 
and Boyd*, the movements of the glan rod have a 
tendency to be erratic, but as soon as the limiting 
area is decreased, so that the monolayer u liquid- 
expanded, it appears perfectly steady In the low 
pressure region of about 1 dyne/cm a magnification 
of 13 5 times is appropriate (Figure jn), whereas in 
the intermediate region of 10 to xg dyne/cm (Figure 
/, double circle) a magnification of 100 times is 
preferable (Figure As our drive mechanmn 

advanced the movable glass slide 1/4 ram per round 
the resulting reduction 'bf the limiting surface was 
o 393 cm* or 1 65 per thousand Such an advance 
of the glass slide gave a compression of the mono- 
layer of 30 p (Figure sb) and the resulting surface 
pressure was 0075 dyne Repeated experiments 
have shown that pressures of o 01a dyne ± o 002 
dyne could be read 


Figure a t glass rod movement liquid expanded 
regum, 135 s b intermediate Tenon, 100 Y 
Reduction factor f on reproduction Jor 0 and b 
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fresh preparations of Thrmbm (Hoffidann-Lc- 
Roche, Bade) and of Serum Albumm, human (Swms 
Red Cross, Plasma fractionation service) were 
spread together with o a per cent isnunyhe alcohol 
on buffered saline Pressure was e xe r cis ed within 
10 min of spreading at room temperature of 18° 
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Chairman’s Note 


At the end of thu the third volume of Research it is appropriate to review the 
aims of the journal and to ask whether it is in fact fulfilling its functions 

Tn my Editorial m the opening issue of Research I made the point that ‘ all 
practical applications have their origin in pure research There is always a wide 
gap between Initial research and practical development based upon it The time 
lag can be reduced—in many cases greatly—by the creation of a greater aware¬ 
ness of possibilities on the part of all concerned, the scientist, the technologist, 
the industrialist and even the general public ’ 

These then are the aims—to assist regular readers to keep abreast of progress 
m all fields of scientific endeavour , to make men of science more readily aware 
of the possible practical bearing of their work , to stimulate and guide indus¬ 
trialists by pointing out where science can contribute to the greater efficiency 
of their work 

The criticism has sometimes been levelled against Research that some of the 
review articles are too limited in scope and appeal, in other words, that they are 
too specialised This raises two separate and distinct points, the subject to be 
reviewed m the article and the method of reviewing it It is doubtful whether 
the subject matter of an article can ever be said with any degree of certainty 
to be too specialised There are many examples of results obtained in research 
which appear to have very limited application proving to hold the key to 
advances in quite differentrand seemingly unrelated fields Such cross fertilization 
of ideas is in fact one of the chief aims of Research 

The second point raised may have more substance In the past some authors 
may not have been made fully aware of the wide readership of the journal and 
a minority of articles may therefore have been written in such a way as to be 
intelligible only to a limited number of scientists A new list of suggestions for 
authors is being drawn up It will be made quite clear that while Research is 
not a journal of popular science its readership is very wide and coven every 
branch of science and industry Authors will be asked to bear in mind that their 
article should be intelligible to sill who have a certain basic scientific knowledge , 
possible practical applications should also be stressed 

Research continues to provide a rapid publication service for short communi¬ 
cations in its ‘ Research Correspondence ’ Letters are published in from two 
to six weeks of receipt, which is the shortest time possible for a monthly journal 
In order that this standard may be maintained authors are specially requested 
to note thht letters should have a maximum length equivalent to 750 words 
inclusive of illustrative material 

In conclusion, Research will continue to bring the potential practical applica¬ 
tions of scientific research before as wide a readership as possible, whether of 
scientists working m pure or applied science, or of industrialists who will use 
the results of science to improve the efficiency of their undertakings 
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Superconductivity 

AARON WEXLER, B S, M.A, Ph D 
Westmghouse Research Laboratories, Pittsburgh, Pennsylvania 


Tux phenomenon of superconductivity constitutes 
one of the two major problems confronting the 
theoretical physicist today Just os the nature of 
nuclear forces has eluded an explanation based on 
first principles, so has superconductivity defied all 
attempts to develop a molecular theory elucidating 
all of its aspects On the other hand, the pheno¬ 
menology of the subject, including the electrodynamic 
and thermodynamic descriptions, seems adequate 
Thus the experimental investigator is faced with the 
problem of providing new information which may 
yield the key to the fundamental understanding of 
the phenomenon It is the purpose of this paper to 
review thb present state of knowledge in this field 
and to indicate the paths which current research are 
taking 

In 1908 H Kaio.iujnoh Onnfi discovered the 
first evidence of the complete absence in mercury of 
electrical resistance at a characteristic low tempera¬ 
ture The temperature at which the transition between 
normal and superconductivity occurs u a function of 
the magnetic field in which the substance finds itself, 
the critical field being zero at tht highest temperature 
at which the superconductive state may exist and 
increasing to a finite value less than 3,000 oersted at 
the absolute zero Some seventeen metals have been 
found to exhibit the phenomt non , of these niobium 
has the highest transition temperature, 9 22° K It 
should be noted that some of the best ordinary con¬ 
ductors $ g copper, silver, and gold, do not become 
superconductive at temperatures as Jow as 0 03° K 
In addition to pure metals a large number of alloys 
of two or more metals in solid solution, of inter- 
metalhc compounds, and of semi-metallic combina¬ 
tions of metals with hydrogen, carbon, nitrogen, 
silicon, boron, and sulphur become superconductive 

The ability of a magnetic field to destroy super¬ 
conductivity was discovered by Kamerlmgh Onnes 
in 1914, but it took almost twenty yean before the 
fundamental magnetic properties of superconductors 
Mere established Even today it appears that most 
scientists, not wdrking in the field of low temperature 
physics, are not aware of the fact that the magnetic 
properties of a superconductor are fully as funda¬ 
mental and as unusual as are the electrical properties 

To determine the magnetic properties of a super¬ 
conductor m the light of the facts already presented 
the case of a singly connected superconductor is 
first considered Predictions will be based on Max¬ 
well*! equation relating the time rate of change of 


the magnetic induction B and the electric field E 
within a body 

B « — ccurlE (1) 

Since E 0, B o, and B remains constant, as long 
as the body is superconductive, and equal to the value 
of the magnetic inducuon within the body when it 
passes into the superconductive state. Suppose, for 
example, that the body is cooled in the presence of 
a magnetic field H to a temper a ture below which it 
becomes superconductive m a field of this magnitude 
We predict that there will be 4 frozen in * magnetic 
induction B »H which will be maintained even if 
the original field is reduced to zero On the other 
hand, if the body is cooled ir> the absence of held to 
some temperature below the transition temperature, 
then the magnetic induction B will remain zero if a 
small external field is applied But if the magnetic 
field is increased to a value above the cnticaj one, 
superconductivity will be destroyed, and we will 
have approximately, B » H Now if the field is 
reduced, the body will pass into the superconductive 
state with the value of the magnetic induction within 
it equal to He, the critical field corresponding to the 
given temperature, and this will remain constant so 
long as H is not made greater than the critical field 
Figure 1 shows this predicted behaviour for a sphere 
Additional complication is introduced by the non¬ 
zero demagnetization coefficient of the specimen 
Thus penetration begins atH^fH, simply because, 
ht this value of the applied Add, the sphere finds 
itself in a field equal to H* In particular, the out¬ 
standing hysteresis in the transition is to be noted 




In 1933 it was discovered by W Mswcu and 
R Oghbnrld 1 that these predictions are radically 
at variance with the experimental fhets They found 
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that just il the electrical resistivity of a supercon¬ 
ductor u aero and independent of its previous history, 
•o also is the magnetic induction equal to zero 
ir respective of die value of the induction existing 
witfcJh the body it becomes superconductive 
For a sphere, the Isothermal changes, below the 
txamMon tetQperatuee, of the magnefetrinductioa are 
giveaasafwctionoffieklhBFQjms These remits 


Figures Delmls qf retor assembly 

1 Copper rod connecting sphere to drive 
shaft 

2 Lead sphere 

3 i/a mil thick gold plated band 

4 Phosphor bronze lead spring contact 

5 Spring loaded contact screw 

6 Pick-up coil for BJti measurement 108 
turns of No 44 enamelled copper wire, 
average diameter 1 080 in (a 74 cm) 

7 PUxm&s holder 

8 Graphite film thermometer 

9 Evaporated gold contacts 

10 Copper contact 
t I Spring retainer 

12 Phosphor bronxe loading spring 

13 Stationary brass contact rings 

14 Plexiglas stationary contact bolder 

15 Phosphor bronze leaf spring contact 

16 Plexiglas moving contact holder 

17 Copper rod electrode 

IB Brass bearing and contact block 

19 Mam Plexiglas support tube 

20 Spring loaded contact screws 

21 Spring loaded contact screws 


are to be contrasted with those predicted from Max¬ 
well’s equations and the rero resistivity of a super¬ 
conductor, as shown m Figure 1 The small hysteresis, 
indicated by the dashed return curve, is always 
observed to some extent in practice It 11 believed, 
however, to be of subsidiary importance and to be 
due to non-homogeneity Thu point may be clarified 
by a discussion of the magnetic properties of multiply 
connected superconductor* Considering a specimen 
of a superconductor which has a hole within it, 
while the Meusner effect means that B within the 
body itself will be zero so long as it is superconductive, 
it carries no implication with respect to the hole 
Equation 1 may however be integrated over a surface 
through the hole and bounded by the supc rconductor 
The result is 

dS «=■ — cj curl E </S = — c<pE*dl «■ 0 

(a) 

Thus the total flux threading the hole must remain 
constant and equal to that obtaining when the 
surrounding body became superconductive This 
deduction has been abundantly confirmed by ex¬ 
periment 1 Inhomogeneous regions m a singly 
connected superconductor may behave as normally 
conductive holes, so that the presence of small 
hysteresis in magnetic transitions is probably not oT 
basic import. 

Because of the fundamental nature of the magnetic 
proposes of superconductors it may be worth while 
to indicate hdw these shay be demonstrated At the 
time it will be convenient to illustrate some of 
the techniques used in low t e m perature invesUgattons, 
Usually the magnetic proper ti es of superconducton 
are studied with the aid of stationary or flip coila 
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Figure 4 Ltqmd hrtmm ayostal 

A Right-angle gear 
fi Gear box retaining nut 
C Interchangeable gear box 
0 Packing retainer 
£ Ball bearing 
F Gar lock seal 
C 1 O * ring 

H Manometer and gas vent line 
J Wire seal 

K Filling and pumping line 
L Felt gasket pad 
M Brass support brace 
N Brass dewar cap 
0 1 0 ' nng 
P Cap nut 
Q Helium dewar 
R Main Plexiglas support tube 
5 Thin wall monel drive shaft 
T Gas tight solenoid power plug 
U Rubber tube dewar seals 
V Mtcarta nitrogen dewar cap 
W Brass uprights 
X NitrogeA dewar 
T Liquid nitrogen cooled solenoid 
Z Rotor assembly (see Ftgurt 6 ) 


or with bismuth wire probes An uigeniow and 
direct method was recently introduced by W V 
Houston and C F Squire 5 These workers 
studied, as a function of temperature, the voltage 
induced m a lead sphere rotating as a Faraday disk 
in a comtant axial magnetic field With sliding 
contacts at the axis and the periphery of the sphere, 
the unit becomes a homo-polar generator the output 
voltage of which u 

« — <fco/27T (3) 

where is the total magnetic flux threading the 
great circle of the sphere normal to the axis and to 
is its angular velocity Thus the induced voltage u 
proportional to the magnetic induction within the 
sphere A Wexlrr and W S Corax studied in 
detail the isothermal #,H curves for a one inch 
(2 54 cm) lead sphere rotating in liquid helium A 
number of rotational speeds up to 10,800 rpm were 
involved It was expected that these curves would 
be exactly of the form of Figure 2 After the sphere 
had been exposed to a magnetic field H >fH,, then 
even in the absence of an applied field thee is a _ 
measurable output, for the presence of' frozen flux * 
makes the rotor a unipolar generator producing an 
output voltage given by equation 3 Figure 3 shows 
the rotor assembly , in Figure 4 it is shown mounted 
in place in the liquid helium cryostat Figure 5 
presents typical data, obtainable by this method 
The result! are of the form shown in Figure 2 Those 
points on the curves of Figures 2 and 5 c o rre sp onding 
to belong to a state in which the 

electrical and magnetic properties of.the conductor 
are intermediate between those erf the normal and 
those of the superconductive phases Tha a known 



as the intermediate state A considerable amount 
of theoretical 1 -* and experimental 1 *- 11 work on the 
microscopic structure of that state has been done» 
the agreement between theory and experiment is 
generally quite good 

It has been pointed out 14 that critical data should 
be obtained by magnetic rather than electrical 
measurements, for the magnetic properties of a 
material represent a volume elect while the eketneal 
resistance may be determined by paths of least 
resistance, which actually occupy but a small part 
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of the bulk of the sample Moreover, from the 
magnetic data, the fraction of superconductive 
maunal may be estimated 

The first step in the undemanding of the mechanism 
of a phenomenon u the formulation of the thermo¬ 
dynamic considerations governing it This has been 
done for the superconductive transition by A J 
Rutoers 14 and by G J Goaraa and H B G 
Gasdcol 11 , and the consequences have been most 
fruitful Taking the Meissner effect as evidence 
that conditions of thermodynamic reversibility apply 
to the superconductive transition, these investi¬ 
gators considered the H,7" curves as representing 
the locus of points at which the superconducUve 
metal and the normally conductive metal, con¬ 
sidered as separate thermodynamic phases, arc in 
equilibrium The equating of the free energy func¬ 
tions leads to a relation analogous to the Clau&ius- 
Clapeyron relation for a liquid/vapour system 


Sg-Sg — - 


4ir dT " 


L 

f 


(4) 


where S is the entropy, V the volume of the unit 
considered* and L is the latent heat of the transition 
Differentiation of equation 4 with respect to tem¬ 
perature gives the heat capacity difference between 
the two phases 

c *r Ct ~ T 7r [S * ~ St) 



Equation 4 predicts zero latent heat of transition 
both at the transition temperature and at the ab¬ 
solute aero The validity of these predictions, as 
well as the pomt by point agreement between the 
thermal quantities deduced from magnetic data by 
J. G Daunt and K Mendelssohn 1 * and the directly 
measured quantities for tm as determined by W H 
Kbssoh and P. H van Laer 1 ”, are shown in 

J A. Koa l# and Daunt and ifenddauhn have 
carried the thermodynamic considerations a step 


further and have shown how to compute from the 
H,,7~ curve the electronic entropy and the heat 
capacity of the normal metal Thu is of special 
value because the method circumvents the difficulties 
attending the direct measurement of these quan¬ 
tities, which arise, of course, from the relatively 
large contribution by the lattice to the entropy 
At very low temperatures the heat capacity of a 
normal metal is accurately represented by a linear 
term in T plus the Debye T* lattice term 

C.-yT+ 4844^y ( 6 ) 

From equation 6 it follows that the entropy u 

*-/. c ifr-rT + M*(l)‘ 

(7) 

Since it has been found experimentally that the heat 
capacity of a superconductor near the absolute zero 
follows approximately a T % law and in particular 
does not contain a linear term in T, it follows that 
the slope at absolute zero of the S M — S tf T curve 
for a metal as calculated from equation 4 gives the 
electronic entropy of the normal metal Further, 
the difference between the tangent at absolute zero 
and the curve gives the electronic entropy of the 
superconductive metal The electronic entropy for 
the normal metal, as calculated m this way, is 
appreciably higher* than that calculated by 
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A SoidfERpiLD’i formula 11 on the amimption that 
the number of free electrons u equal to the valency. 
The conclusion drawn by Daunt and Mendelsohn 
in the case of tantalum and niobium 11 that not only 
the valence electrons but also the electrons in the 
partly filled lower shell take part in the formation 
of the superconductive state Recently, these con¬ 
siderations have been applied by J G Daunt and 
G V Ha*** 1 to the threshold curves of super¬ 
conductive aluminium and unc There u still some 
question regarding the applicability of the thermo¬ 
dynamic treatment to such hard superconductors as 
those in the vanadium, niobium, tantalum group , 
the difficulty here appears to be in securing speci¬ 
mens exhibiting reversible behaviour, and the key to 
this situation probably lies in the metallurgy of 
these metals 

The thermodynamic description of superconduc¬ 
tivity, which has led to a corrdation of a number of 
its aspects and the prediction of new properties, 
must be considered along with thq dectrodynairuc 
description of F London and H London 1 '* 1 * for a 
complete understanding of the macroscopic features 
of the phenomenon Together, these act as a guide 
for all mechanistic discussions It has been seen 
previously that Maxwell's equations do not predict 
the magnetic properties of superconductors if the 
zero resistivity is the only property which is con¬ 
sidered The essential feature of the Londons' theory 
based on the experimental evidence of supercon¬ 
ductivity is the assumption of the validity of the 
following relation between the magnetic field acting 
on a superconductor and the current it carries • 



— H -/iecurli 

(8) 

If this equation u combined with Maxwell's equation 
c curl H a* 4ir i, it follows that 


14 >1 4 irl 

• ( 9 ) 

and 

8*' J; 1 &C* At* 


aw aw aw _ 4»h 

a*« + ay ay * Ac* 

(10) 


From equation 10 it may be deduced that for 
H < the magnetic field falls off exponentially 
as a function of the distance from the surface,.such 
that it attains i/s of its value at the surface m a 
distance X <r- c^/Afair Now A «* m/as 1 , where m is 
the effective electron mass, t its charge, and n the 
number of superconductive electrons per unit volume 
The experimental determination of the manner in 
which a magnetic field penetrates a superconductor 
is thus of fundamental importance If experiment 
shows the predicted penetration of the field, the 
data may be used with some confidence to deduce 
the quantity n/m and its variation with temperature 


The depth of penetration X may be studied by 
several methods which fall into two categories 1 one 
dealing with superconductors of dimensions com¬ 
parable with the penetration depth and the other 
dealing with macroscopic samples By solving equa¬ 
tion 10 for particular geometric cases with boundary 
conditions determined by the external magnetic 
field, one can obtain relations involving the critical 
fields for thd specimens used, the threshold field for 
the bulk material, and two parameters having die 
dimensions of length one related to the dimensions 
of the specimens and the other the penetration depth. 
£ T S Applxyard and his collaborators M * 11 have 
applied these considerations to mercury films Their 
results were in approximate agreement with the 
theoretical predictions and hence their numerical 
value of X 1 a x io~*cm at 9 5°K is to be con¬ 
sidered approx unate However, the values of the 
penetration depths as a function of temperature 
relative to that at a given temperature are more 
reliable The results are shown in Ftgm 7 along 
with those of D Shoenbbro *• for mercury globules 
ui colloidal suspension H B G Casduk 1 ’ intro¬ 
duced the method of obtaining the relation between 
X and temperature from the variation of the apparent 
susceptibility of a macroscopic superconductor as 
determined by a mutual inductance method Using 
this procedure, E Laurmann and D Shoenbsro** 
obtained data of the form already presented, but 
with the added feature, that for tin A depends 
somewhat on the relative direction of the magnetic 
field and the crystallographic axes Still another 
method was used by H London 1 * who measured 
the eddy-current heating of a superconductor in a 
high frequency alternating field If, m addition to 
superconductive electrons, there exist electrons 
capable of carrying an ordinary current, then, at 
frequencies at which the inertia of electrons must be 
considered, eddy currents with attendant Joule 
heating should appear The initial experiments, 
performed at a wavelength of 90 5 cm, gave results 
in qualitative agreement with Ftgun 7 A B. 
Pippard'* and the Massachusett Institute of Tech¬ 
nology group** have recently extended the work to 
higher frequencies The high frequency studies have 
several interesting fundamental aspects, and the work 
is being continued actively in this field. Among 
these is the, possibility of computing the number of 
free electrons per atom, in addition, certain 
anomalous effects appear in the low temperature 
impedance of normal metals at high frequencies 
The work on the penetration of a magnetic field 
into a superconductor has resulted in a clear picture 
of its temperature dependence and of tts approximate 
value Its potentialities, however, have not M y* 
been fully realized. 
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The phenomenological theory of the Londons 
serves to establish a check on mechanistic theories 
While a number of attempts at mechanistic theories 
have been put forward 11 -”, none u free of criticism 17 
on the basis of the Londons* theory 

The foregbing covers the fundamental features of 
superconductivity There exists, in addition, a rich 
bibliography pertaining to the study of properties 
which might be expected to be different on either 
side of the equilibrium curve which separates the 
superconductive and the normal phases inH, F space 
These studies are'based on the hope that clues to 
the nature of superconductivity might thus be found 
Unfortunately most of these investigations have 
produced negative results Thus there is no difference 
for the two phases in the x-ray diffraction pattern 11 , 
m the photoelectric effect 11 , in the absorption of 
{l-parudcs M or of slow electrons 41 , w the reflectivity 
of visible light 41 , in the absorption of infra-red 
radiation 41 , and in the transmission of visible and 
ultraviolet light 44 Furthermore, there appears to 
be no volume change accompanying the transition 41 , 
nor do the elastic properties 41 or the thermal ex¬ 
pansion coefficients change However, all the 
thermoelectric effects disappear below the transition 
temperature 47 . More recently, it has been confirmed 41 
that a sharp change occurs in the thermoelectric 
force of tin about o a°K above the temperature at 
which the rahtance transition occurs This suggests 
that intermediate electronic changes occur before 
superconductivity takes place, but this pombikty has 
now received further substantiation Mechanical 
strain has been shown to have marked effects upon 
the superconductive properties of'a metal. For 
exa mp le, it haa been possible to raised transition 


temperature of tin from 3 72 °K to 9 oo°K by the 
application of mechanical stress 41 Finally, the 
thermal conductivity 11 of a metal » distinctly 
different in the two states for temperatures less than 
the critical t em p er ature, the data being such as to 
indicate that the free electrons are no longer able to 
take part in heat transport at temperatures well 
below the transition temperature 

This review might Well conclude with a brief 
description of what appears to be the first and, at 
present, only application of the phenomenon of 
superconductivity In 1938 D H Andrews 11 con¬ 
ceived the idea of using a superconductor, mam- 
tamed in its transition range, as a detector of radiant 
energy Advantage may be taken of the very large 
value of the temperature coefficient of resistance m 
this range, which affords high sensitivity The low 
temperature of operation guarantees, further, rapid 
response in virtue of the low heat capacity and also 
a low ultimate limit of detectability because of the 
low level of noise due to statistical fluctuations 
Many bolometers”, using niobium nitride as the 
sensitive element, have been studied, the emphasis 
on this type being placed for the reason that field 
operation is possible, since liquid nitrogen and 
hydrogen only are required A typical bolometer 
has a time constant of 5 x io~ 4 sec, a noise level 
equivalent to 5 X io~ l# watt of incident radiation, 
and a minimum detectable energy in a single flash 
of 2 x io“ 4 erg Recently”, it has been demon¬ 
strated that the superconductive bolometer may be 
used as an alpha particle detector which not only 
counts the particles but also gives an indication of 
their energy 
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Development and Application of High 
Vacuum Technique 

M P 1 RANI, PhD, F Inst P 


The conception of the application of high vacua to 
technical processes as unit operations is of modern 
date and is based on the notion that the best means 
for protecting materials and products to be processed 
eg by melting, evaporation, annealing, distillation 
etc consists of preventing reactions with the surround¬ 
ing atmosphere by its complete removal 

It 11 generally agreed that in speaking of high 
vacua we mean residual pressures of air or other 
permanent gases of the order of about io~ 4 atm In 
terms of the kinetic gas theory there are then only 
*2 3 X io 14 gas molecules left in 1 cm 4 The pressure 
io~" atm can also be ex p re ae d as o 76 x io~" mm 
Hgoro 76(1 In chemical distillation at low pressures, 
the vapour pressure of the distilled liquid may be of 
the order of a few*millimetres of mercury (at a mm 


pressure c 65 x io 14 molecules will be present in 
1 cm 1 ), whereas the pressure of the residual per¬ 
manent gases will be m the micron range 

The fact that it is possible to reduce the permanent 
gas content of the container to the micron range 
implies that die container is 4 tight \ in other words 
that no air can leak in frdm the atmosphere, or 
alternatively that the amount of leak is negligible 
The nature of the process we carry out wall define 
what may be called * negligible * 

There is also a time factor to be considered, namely 
the time in which the system can be 4 evacuated * 
to a certain ultimate pressure^ and tbs governs the 
4 throughput ’ of each process' In order to describe 
tbs magnitude we talk of the 4 speed 1 of a vacuum 


540 



Research 3-12 


M pirani Development and Application of High Vacuum Technique 

■ — ■ - - \ ■■ ■■ ~ ~ ~ ~ T \ 


system The unit operation 1 vacuum * u therefore his classical experiments with oil vapour stream 
g o v e r ned by the magnitudes of / lowest ultimate pumps Only through the 1940 s Manhattan Project ’ 
pressure , 2 leak rate and 5 speed in the USA did the use of really wide pipes and 


HISTORICAL DEVELOPMENT 

1 

The development of high vacuum techniques started 
from ampll beginnings about half a century ago, and 
especially rapid progress has been made within the 
last ten years It is this latter period which will be 
reviewed in this article It coven a comparatively 
short period, but the literature published in this 
particular field is so vast that no author will be able 
to quote more than a small part of it and this is 
bound to be biased by hu personal experience 
Having this in mind the reader may like to become 
acquainted with the subject by a tabular statement 
given m Table I which shows in a general way hoto 
vacuum equipment and physical and chemical 
methods using vacuum techniques have developed 
pkrtly independently of their industrial applications 

During the early stages of this development, in¬ 
dustrial applications of vacuum techniques made 
rapid progress, sometimes almost too rapid consider¬ 
ing the state of vacuum art at that time 

This is certainly true of W Rohn’s vacuum melting 
furnace wherein the metallurgical, electrical and 
furnace developments were technically infinitely more 
advanced than those on the high vacuum tide which 
were still m their infancy This made it impossible 
to get the ultimate benefit of the high vacuum melting 
and casting technique 

In the first decade of this century, as a result of 
the absorption of physicists into industry, new 
methods, especially vacuum measuring’ methods, 
originated in industrial physics la bora tones as a 
result of ad hoc investigations, often using the manu¬ 
factured article itself as a measuring gadget tg 
electronic valves In the past decade, through the 
urgent need of certain industries which had to apply 
high vacua in their processes, vacuum equipment left 
the domain of the applied physics laboratory and 
became an industry in itself* 

The development of high vacuum techniques as 
seen today may be said to date from the thorough 
study by W Garde on the flow of gases at low 
pressures* which revealed that the width of ducts in 
a vacuum system plays a dominant role in the speed 
of evacuation He calculated that for his molecular 
pump to have a speed of a 8 ft § /aun, tubes of 22 mm 
dyiirtrr would be neccsnry for a 3 ft ‘duct. 

However, it "was another fifteen yean before 
CLR Booctf* agem strewed the polty that very much 
bigger ducts were now needed, when he published 


TabU / 


Dmttpmtta of mcvh* seuwet 
UcJoufwt **d *qtap nrnt 

/Vrwtf 

ImAutrml 

MauomAnI 1 introduces th&firtt 

4 getter* by using an drunc 
discharge in phosphorus vapour 
tt> ft. avenge residual gases 
Ronprotaung and rotary pumps 
(fW Sumn<-t>fuf<r) 

Rotary mercury pumps (bar* 
Karr anW tiraW) 

Mercury manometers (A/r/W) 
Mduag of pure tantalum m m tm 
with arc furnace 1 

Pure tantalum mrtal filament 
made by duaociauon of tan¬ 
talum oxide is tane (£#Am)* 
High voltage gas discharge used 
fur qualitative pressure 
measurements 

1003 

Caapsr Mositt mercury da- 
charge lamps 

Carbon, osmium aod tan 
tslum vacuum lamps 
Mmrt € high voltage da- 
charge tuba 

Tungsten filament lamp 
(extruded filament) 

(•Uw mercury rectifiers 
Productan of melted tan¬ 
talum at 0 01 nun pres¬ 
sure (100 gm batch) for 
lamp hlaments and ocher 
applications 

Moderate vacuum X ray 
tuba 

Hot win gauges (Aram Vwtgt) 

Tantalum made by diwociafion of 
tantalum chlorides ami nbse 
quant melting u name* 

Arc melting at cams with barium 
oxide activated cathode and 
VX>amp arc 1 

Melting in concentrated electron 
beam* 

High purity vacuum melted iron 
ftVMrJff) 

Dehydration of salts u pnm 
(*rrf»* 

Use of ice sublimation u» laws 
for the preservation of bmlugi 
cal substance* (Mads//) 

1010 


Radiometer gauge ( Kmnls*n) 
Beginning of m mm spectrometry 
(sot Vwhmi anil Hmmmn) 
Molecular pump (Gw*) a BA*/ 
nun 

Diffusion pump (Gas*) 017ft */ 
mm 

Improved getters 

1013 

iqoo 

Drawn filament tungsten 
lamps 

hirst electronic tubes 
hirst mercury rectifiers in 
metal tanks, with rotary 
mercury pump attached 
High vacuum x-ray tuba 
(£•/•**) 

loanatmn gauge (BmkUy) 

Study of electron emission from 
hot metals {Lmtgmmr) 

Use of unproved * getters 1 
m lamps 

Mains operated amalgam 
cold cathode Neon tuba 
Transmuting valves (up to 
3 *w> 


i 

1093 

Maw production methods 
far eketne lamps and 
dec ironic devices 

Metal melts of up to 4 ions 
w mw (1 3 mm Hg 

improved molecular pumps (Ms/ 
mock) 390 ft*/min 

Vacuum oil vapour stream pumps 
(Are**) 

1000 

Molecular n 

mw (AurstHUtwiO 


>033 

Oas Asduurge lamps for 

High energy x-ray tuba 

Gold cathode lomaanrm gauge 

<040 

Dccp^ temperature dehy- 

High speed od vapour stream 
^jgumpMjp 10 10.000 ft’/mm 

Rand meawrapant and control 
dfcsbw (Aur * ate"). 
Farther Imjftyvd molecular 

cathodelens- 

laboqtannonwter (AfcUai) 
Fore pubpa made * water vapour 
proof* 

a 

All metal industrial high 
vacuum plant (#g 
1/500 ft*) 

Big valves, « $ 16 m 

High vacuum meuUmgy, 
mo lb cooper 

MetajdepoeEwii and In 

Booster pomps with man- 
mmm gmd at given 
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valves (sealed and/or packless) become common 
practice w * 11 Ftgun i shows the principles of two 
common types of vapour stream pumps 

Today a io inch oil vapour pump, having a speed 
of 6 f ooo ftVnun at io~ 4 mm and provided with a 
14 in valve, belongs to the standard vacuum equip¬ 
ment of many modern laboratories Fxgm 1 shows 
some typical modem high vacuum equipment de¬ 
signed to evaporate metallic films on a mass produc¬ 
tion basis, on to such items as mirrors and car re¬ 
flectors It has a chamber capacity of 50 ft* and a 
1 system pumping speed ’ of about 3,000 at 

IO ” 4 mm which permits evacuation and en*tir»g 
times as short as so minutes The chamber, one of 
the vapour stream pumps and the control unit are 
shown m the foreground 

TabU II gives 1 speeds * (admittances) for different 
d i a me ters between o 5 and 94 in for tube lengths 
between 03m and 16ft and pressures 14 between 
io 4 and 10 mm The left half of TabU II gives the 
speed of conduits in micron ft*/min per micron 
pressure difference at 10 4 mm Thus the speed of 
a 6m diameter conduit of length 4ft is found to 

bht M/it 




Fi fart / a Mrttl vtpour pump At non- 
to* md b ftp* 


be 500 in the left hand half of TabU II (it is mark e d **) 
and if the speed of this same conduit is required at 
o 1 mm pressure then the factor given is 39 (right 
half of the TabU IT) which gives a value of 
16,000 ft 4 /mm The figures in brackets with an 
asterisk refer to lengths in inches instead of feet 

PRODUCTION OF HIGH VACUA 

Limited space makes full duausion of the various 
methods for production of high vacua impossible, 
but excellent reviews already exist on this sub¬ 
ject 11 • ”• 14 Fore pumps covering the range from 
atmospheric pressure to about o 05 mm are used in 
senes with high vacuum pumps, which fake over at 
o 1 to o 2 mm and reach 1 fine pressures # of io“ 4 nun. 
By careful adaptation of the two pumps at the * take 
over ’ pressure, stability of the fine pressure against 
fluctuations of the forepressure is achieved 

High vacuum pumps in the early days were mainly 
of the rotary type, but have nowadays been super¬ 
seded by 1 diffusion * pumps 

Although one can state that the production of high 
vacua has ceased to be an art and has become a 
standard unit operation there are still a few practical 
problems to be solved One of them is the avoidance 
of bade diffusion of permeable * foggy ’ oil molecules 14 
against the vapour stream m a diffusion pump 
without reducing the speed of a system considerably 
tg by cooled baffles 14 

The thirty year old con tro versy — diffuser versus 
ejector—has been settled by the investigations of P 
Alexander and by D G Avery and R. W Witty 11 
when they found that both the d iff usion and the 
ejection (condensation) effects play their part in the 
functioning of a diffusion pump; thus E# N. da C 
Andrade 1 ! designation 1 vapour stream pump 1 
which allows for both effects teems ip be satisfactory 11 

The calculation of the ' speed 1 of a system in¬ 
cluding all the el e me nts like pumps, fre es * traps, 


(Gwrtap HlMrwf,WC L AMn) 
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Ftgur* a Industrial evaporator 

the advantage of being easy to handle hod covering 


valve*, ducts #tt has been exten¬ 
sively di s euw od in the literature 1 ** 
u, at, it, it aod no vacuum en¬ 
gineer should be at a lo« about 
these principles 

UgAIUUMXNT OV LOW 
FRIIIURKB 

There are two types of instruments 
for the measurement of low 
pressure* 

x those which measure the gas 
premise directly eg by the 
height of a column of mercury 
or another liquid $g butyl- 
phthalatc, compression mano¬ 
meters or molecular manometers 
and 

a those measuring an effect which 
is a func t ion of the pressure 
(and sometimes additional factors) like the cool¬ 
ing of an electrically heated wire or the ionisation 
caused by a source of electrons 

Both groups are dism-cd authoritatively by 
S Dubhuan" and R Jaecxkl 4TB 

The choice of a suitable instrument is influenced 
by the premie range, required constancy, accuracy 
and reproducibility Often only the order of mag¬ 
nitude is required, but this already means a lot 
because nine to ten orders of magnitude have to be 
covered 


Tail* III 


Praam rmgt m mm 

Mercury (and other liquid) mimtnrtoi 

C wnpr—too manometers ft g McLeod) 
Bourdon gauge 

Heat rooouotivitr gan*a 

Quarts bhre 

to' 1 to ■ y io* 
IO" 1 to io 1 
io“ l to a x io 1 
io** 4 to IO 1 * 
to -4 to to -1 

Quarta membrane 

Radiometer ncM 

Hoi cathode lomtadoo aaugee 

GoM cAthode tonuation gauges* 

Man epretraneter 

ro" T to io“* 

10 ’* to iq-* 
to" 4 to io* 1 
io" 4 to io- 1 

IO- 14 CD IO" 4 


• n» raiff may be extended up to lo'ptm tfooowBCUon m u*ed 4T * 


TMm m shows the a ppro xi mate ranges for 
different instruments used to measure low pressure 

One interesting instrument worthy of special 
mention is the so-called 1 Alphatron \ This U an 
kmisatwn gauge m winch a constant stream of ions 
u gene r a ted by alpha partutes emanating from a 
small radnim source which is pacfcpd m gold foil* 
Although the accuracy of thn instrument a not 
higher thafr that of other lomtatioff* gauges it has 


a very wide range of pressures (it can be used from 
io-• mm up to 100 mm) Thu makes it especially 
useful to the chemical engineer who wants to cover 
a wide range of pressures with one uutrument 

It should be noted that the vapour pressures of 
oils used m modem vapour pumps are between io* 1 
and io _, mm at 9 O 0 C 1B and extreme care must 
be taken when measuring such pressures, particularly 
when using the hot cathode type of ionization gauge 
The measured pressure may then be anything from 
90 to boo times the actual pressure because of de¬ 
composition of the oil vapour molecules into lower 
hydrocarbon molecules 

The condition that a vacuum apparatus is 1 per¬ 
fectly tight* is a necessary pre-requisite for the 
success of a process As the late pioneer of vacuum 
metallurgy W Rohn put it, about 1990, it is better 
to have a ‘ tight 9 apparatus at i mm pressure than 
a leaky apparatus at x/ioo mm pressure because of 
the cumulative contamination effect from air leaking 
m. As 1 perfect 9 tightnen cannot be achieved, the 
maximum permissible leak rfiould be ,defiped m 
every instance Its magnitude depends on the par¬ 
ticular proces and it should not be due to air pene¬ 
trating from outside, this in turn is to be checked 
by observing the increase in premise which u 
hyperbolic (asymptotic) when the increase in pressure 
is due to degasing And it is rectilinear when it is 
due td a rati leak , 

* 

The magnitud e of | leak u often dttr H in 
' micratf cubic fret per boor \ This a • leek pro* 


during en increeae of i p/hr in t ft* volume. Leahs 
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can therefore be calculated by multiplying the rate 
of pressure rise in p/hr by the volume of the vessel 
in ft* In [A 'sec and 1 , this is equal to 8 x I0“*pl/sec 

There in, as a rule, the further condition, r ef err in g 
to * economic throughput \ that eg a 50 ft* tank 
ifaould be pumped down to io -4 mm in a given 
lime eg J hr 

The 1 testing of components and assemblies of 
vacuum equipment has developed into a special art 
of dynamic vacuum testing techniques and has given 
rise to a few instruments of which the mass spectro¬ 
meter is the most elaborate and perfect 11 ** In 
* trivial 9 leak testing the sudden increase in ionization 
current of an ionization manometer or the jerk of 
the pointer of a hot wire manometer when an 
acetone spray, or a stream of town gas or hydrogen, 
is directed against the suspected place such as a weld, 
is a sufficient indication for the existence of a leak 

APPLICATIONS OF HIGH VACUUM TECHNIQUE 

With all these tools available many applications 
of high vacuum techniques made rapid pr ogr ess 
during the past decade The main applications at 
present are the evaporation of metals and other 
substances w vacuo, vacuum dehydration, molecular 
distillation, melting, casting and sintering of metals 
and alloys w vacuo including annealing In all'of them 
one of the mam advantages u that perfect protection 
is obtained by the absence of an atmosphere 

In mass production processes of the batch and 
continuous type, which often compete with each 
other, there is no general rule which is the more 
efficient One has to consider the minimum time 
required for degasing Thu will vary for different 
articles e g metal deposition on plastics or exhaustion 
of cathode ray tubes On the other hand the number 
of objects which can be processed simultaneously and 
the time cycle for loading, processing and unloading, 
and its influence on the exp ense s for labour have to 
be studied Finally the maintenance costs for different 
process es have to be compared , 

How these considerations may be affected by the 
different * variables * of t process can be seen in the 
following two examples which are typical 

VACUUM DEPOSITION 

The deposition of metal and other substances on 
paper, resins and glass, u now an industrially estab¬ 
lished technique and u certainly going to displace 
rapidly die orthodox methods like spraying and 
chemical deposition, especially as big sues are no 
obstacle and mass production (batch and continuous) 
u now a matter of course**. Even so, there are a 


few variables which have to be watched carefully, 
and the importance of them vanes with the pro c ess. 
The variables concerned in deposition are 

a t emp er a ture of vapour (as governed by tempeniT 
ture of source of vapour) 
b temperature of target 
c distance from target of object to be coated 
d pressure and type of residual gas 
e amoilnt of vapour produced per second 
/ type of metal or alloy or other substance to be 
deposited 

g state of surface of target (which in turn is in¬ 
fluenced by its chemical composition and by the 
pre-treatment) 

h application of a protective coating eg by silica 
and the post-treatment by temperature in a con¬ 
trolled atmosphere or by treatment with liquids 

It is clear from this list that even a * perfect 9 
vacuum apparatus m no guarantee m itself for the 
success of the process if knowledge of the influence 
of any of the variables above 11 not adequate 

Apart from the practical aspect there is also a 
scicnuflc one while the * art 9 of deposition has 
already reached a. high state of perfection this is not 
so with fundamental knowledge and understanding 
of the deposition process The structure of the par¬ 
ticles, the surface condition of the deposited metal 
e g aluminium which might have a molecular oxide 
film, their special arrangement, their mobility m a 
fresh deposit, the action of surface forces causing 
competition between adhesion and coalescence of the 
particles 14 (especially with ‘thick 9 deposits over 
1 (i), may still be subjects for fundamental research. 


MOLECULAR DISTILLATION 

It has long been recognized that m order to be able 
to distil substances which are liable to thermal 
dissociation, the distillation should be earned out m 
vacuo 1 e under such conditions that every molecule 
which leaves the evaporating surface reaches the 
condensing surface without impinging on gas mole¬ 
cules In order to attain this aim, the pr ess ure of 
the permanent gases should be so low that the mean 
free path of the permanent gases (if only thgy were 
present) is greater than the distance between the 
condenser and the evaporator surface 

As the vapour molecules behave more like 4 fogs 
collisions between vapour mole cu les of their own 
kind s not so otyoctwoabb and die actual vapour 
procures spy easily be a few orders of magnitude 
higher than the permanent gas praure 14 * **» **. 
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Apart from these pres sure conditions which 
concern us especially in this review there are a 
few others which are not connected with vacua at 
all, but will drastically affect the efficiency of mole¬ 
cular f tills Some of these are 

/ heat "transfer of a thin film formed on a glass or 
mefal substance m a falling film still 1 * M 

j? wetting power of liquids for metal and glass sur¬ 
faces 

5 thickness of falhcg film ^nd, if die liquid 11 going 
to be sprayed on to a surface, the heat transfer 
from spray particles to film 

Only two of the interesting modern applications of 
molecular distillation wdl be mentioned, namely the 
study of film-forming materials for paints and the 
distillation of vitamins on a production basis 
(230 kg/hr) •» * l 

MILTING OF METALS UNDER VACUUM 

It 11 imperative to remove all gases in such processes 
as sintering, melting and casting of sensitive metals, 
especially those which form irreversible compounds 
with gases, like tantalum or titanium There is, 
therefore, only one satisfactory method and that is 
to evacuate the fiirnace in which the process is 
earned out 

This was recognized long ago (1903) by Bolton 
for tantalum, but it is only lately that die vacuum 
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melting and casting of metals has become a unit 
operation, though so far it is only earned out on a 
moderate scale up to about 300 lb of metal It has 
mainly been applied to unorthodox metals like 
tantalum, zirconium and titanium”*’ * 4 , but interest¬ 
ing and hopeful results have been obtained m the 
production of extra pure copper 7 and molybdenum 1 * 

Table IV shows the effect of degasing time and 
pouring pressure on the gas content of copper ingots 

Vacuum has been used in the promotion of such 
reactions in which vapour or a gas is developed 
Table V gives a list of fuch reactions and Figure 3 
shows the effect of temperature on the vapour 
pressure of a number of metals 7 

Though the vacuum and electrical parts 17 * M of 
the equipment which is used for these purposes is 
quite well developed and as such would be able to 
cope with nearly all the metallurgical problems 
which ante in connection with it, there are quite 
a few questions which will have to be studied m 
more detail before there is a basis for industrial 
processes, one of them being the degasing of metals 
during casting by * straining ’ thin layers in vacuo 

There 11 also the casting technique itself to be 
further investigated if sound ingots are to be obtained 
because, as W Rohn has already pointed out, holes 
can easily develop by cooling and shrinkage effect* 
when the outer shell solidifies before the inner core 
(Such holes might easily be attributed to gas 
evolution) 

In the preparation of pure metals by vacuum 
treatment of compounds, the super-imposition of 
techniques eg chemical separation or galvanic de¬ 
position followed by vacuum refining, must be 
further studied 4 

The question as to when vacuum sintering is im¬ 
perative and will give better results than sintering 


c 


Table V Vacuum Thermal Reductions which have been Investigated Recently 


Metal 

Njagncuum 

is 

Calcium 

Lithium 

11 

Banum 
Niobium . 


Reaction 

2 (MgO CaO) + 1 /OFeSj, . t|, . °° - t ? I’** . #?— » 2Mg/* + 1/BFe + 20*0 SmO, 

o 003 n ^ mm Hi 

. S(MgO CO) + 2A1 IMg /> + SCaO Al.O, 

0005 loos mm n| 

OCaO + 3A1. -> BCa/ + 30*0 Al,O t 

' 0005 to 0*1 mm Hf ' 

6 L 1 OH + *A1 + ACaO . 1,100 — — y 6 Lj / + 2(30*0 A1,0») + $H, 

0005 10 Q I mm H| t 

Spodumene [L»Ai(S*0,),] + Ai • 1 * L>/ + complex »hca«« 

ooo$ m o i mm its* 

+BaO + SA1 SB* ? + BaO.Al.O, 

Nbjb» + «NbC-► *Nb + SCO 

—^-**- i&mtqj jsssoaraBs^aTT eseBi 

MS 








Rts$mh 3-19 


u piranx Development and Application of High Vacuum Technique 


m a protective atmosphere a not 
Anally settled Tha applies especially 
to the use of small quantities of 
rendual gases Idee argon, neon, nitro¬ 
gen, mercury or hydrogen, which 
might abbreviate the pumping tune 
very appreciably and which are 
already being used occasionally dur¬ 
ing pounng in order to avoid the 
‘ shrinkage holes ’ mentioned above 

In imtenng techniques the topo 
chemical conditions for the speed of 
reactions (as opposed to the equili¬ 
brium which u very rarely approached 
m technical processes) such as the 
degree of comminution of the re 
actant, characterizing its accettible 
surface, the degree of contact between 
parades, the porosity of the mix, 
have an important influence on the 
through-put This is especially true 
of such sintering reactions between 
solids as are governed by diffusion 
pro ce sses 1 * 


DEHYDRATION 

In the drying of sensitive materials 
the evaporation of the mjxturc is 
done at low temperatures The 
materials are pre-flrozen (Stokes) 
and the water vapour is removed at 
tree air pressures of the order 



of 10 to 100 ji The moving force m this process u 
obtained by putting a cold trap having a surface 
temperature of about — 60 to — 7o°C between the 
pump and the cabinet in which are placed the 
substances which are to be dried*** M 44 

Where cheap steam n available a multi-stage 
ejector' may provide the driving force A four-stage 
ejector will be suitable for producing pressures down 
to o 5 mm and will have a capacity of 900 ft* nun 
of entrained air with aoo lb of steam per hour at 
4 atm (gauge) 

Vacuum drying at metfium temperatures if 15 
to 3o°G, u used on an industrial scale in the U.S A 
for orange juice concentration. Plant processing over 
ao,ooo l,hr of orange juice and conce ntr ating it to 
one fifth its original volume has b ee n operated since 
1944 by the Vacuum Foods Corporation in Plymouth, 
Florida 4 * (now Minute Maid Corp) A pilot plant 
proowng a few thousand pounds of coffee powder 
per month h* been erected by the National Research 
Coip in Borton, Mass, and will be expanded into a 

larger plant next year. 

* 


The problems m drying at low temperatures by 
using a refrigerated condenser are not so much 
'vacuum problems as heat transfer problems, because 
the ice crust which is formed when water vapour 
ti deposited on the cold trap has a low heat con¬ 
ductivity. Rotary condensers with ice scrapers are 
one answer to this problem* 1 

Vacuum drying from the frozen state has another 
interesting aspect By preventing the mobihty of the 
mplecules they remain in the same place as they 
were in the liquid, hence they do not coalesce and 
therefore the powder after drying has a very large 
surface This means that it will have a high solubdity, 
while if the drying had taken place in the normal way 
by application of heat, coalescence 44 of the particles 
‘would have taken place and the result would have 
been a substance with a small accesuble surface and 
miller solubility 

If we hold the s ummary of pr es e n t achievements 
dnonsed above against the list ofdfcftderatm, we are 
probably entitled to say that £h modem vacuum 
ngmeering the stage has now been reached where 
the ptevaflug practical problems can be dealt with 
546 * , 
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adequately. However, permanent dote collaboration 
between engineer! and scientists has to continue. 
There u wide scope for fundamental studies in order 
to strengthen the scientific foundations of the vacuum 
technique 
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Water Erosion: Development of the Present 
Approach to the Problem 

WAT SUMMERVILLE, D Sc 
Department of Agriculture and Stock, Brisbane 


Soil conservation service! have in most places been made m most of the affected countries at a similar 
initiated as a remit of the considerable loss of sosl stage m the development of their sod conservation 
caused by water erosion Early work was, th er e for e, services Thus speed was imperative,'and in such 
concerned largely either with reclamation or with circumstances it was inevitable that the first me asures 
the removal of imme d i ate threat of catastrophe applied were '•»'« *« trial, and error m 

H H Bbnmbtt 1 records that m the initial stages of rather that a pplication of the remits of 

his work, in the early 1930s, he had doubts' whether appncaaon os me remits oi 

Or not If was tgp late, or whetfctK we could go fisst 

enoudk to oatch im with tbe iob mat confronted the Tvto things soon became apparent* Theae were. 
Nation *. This statement could ndtioobt have been first that the available bydrokgseal inform a ti on 
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needed appreciable modification, and secondly that 
only rarely u one single practice by itself successful 
in the control or appreciable mitigation of erosion 
For example! in the early stages there was little 
information on which to base decisions with regard 
to spacing of terraces, gradients, lengths of pondage 
banks, and the like For some yean the urgency of 
remedial works dominated and experience rather 
than experiment continued to be relied upon, and 
whilst very definite advances were made these 
resulted from observations rather than from long 
range, soundly conducted investigations Thus the - 
early information on the subject is to be found for 
the most part in more or leu general accounts of 
works earned out on various practical projects 

H H Bennett 1 in 1939 gave a very comprehen¬ 
sive statement of the problem and the combative 
measures known at that time, but as that author 
then recorded there was arsenous deficiency of infor¬ 
mation on many of the diverse facton involved These 
factors are essentially of two types—those with a 
strong engineering bias and those of largely or wholly 
agricultural nature 

As reclamation formed such a large part of the 
first intensive campaign against water erosion it was 
the engineer who was called upon in large measure 
to handle the work and the agriculturist at best was 
perforce required to adopt the role of engineer 
Unfortunately the dominance of the engineering 
approach continued far beyond the stage of reclama¬ 
tion and can still be seen today in the attitudes 
of farmers and all too many others, not exclu¬ 
ding scientific agricultural workers Even where 
an analysis quickly shows that the fundamental 
cause is some agricultural malpractice, the stress is 
often still laid on the engineering aspects and there 
is considerable reluctance to adopt that approach 
outlined by G V Jacks* which follows on a realistic 
and sound examination of the basic factors involved 

The problem of water erosion may be said to be 
caused by water attaining scouring velocity and thus 
an obvious solution is to so control the flow that thu 
does not occur Control of flow may be achieved m 
a number of ways, one of which is to lead the water 
off the land at low velocity and dispose of it safely 
into stabilized waterways and permanent water 
courses This is, of cour^, an engineering approach 
Agriculturally, however, iny solution which merely 
takes water iafety off the land is incomplete and un¬ 
acceptable since crop production demands primarily 
that, up to a point, the maximum amount of water 
be stored and retained in the soil for future use 
The work of the engineer and the agriculturist seems 
thus to be related and as the work of sod conserva¬ 
tionists proceeded the neccuty for such correlation 


became more and more evident The relationship 
is well shorn by M L, Nichols* who, writing as an 
engineer, still has much more to say on biological 
aspects than on engineering one^ whilst J D Long* 
refers to agricultural engineering as the branch of 
engineering closest to biology 

Water erosion in many countries, particularly in 
the New World, has proceeded to such a degree and 
over such huge areas that for a long time to come 
reclamation work on a large scale must continue, 
but if thu phase u not to be permanently the dominant 
feature of sod conservation activities prevention must 
receive increasing attention Above all the experience 
of the past thirty years shows that the former needs 
to be educated to the foct that water erosion is not 
something to be accepted as inevitable and to be 
subsequently retrieved by the engineer He must 
learn that water does not erode soil simply because 
the slope of the land exceeds some empirical critical 
gradient but rather that, m the mam, the loss follows 
some agricultural malpractice which preconditions 
the sod so that it u incapable of readily absorbing 
rainfall or of withstanding the force of excessive run¬ 
off water It u to be stressed that the condition of 
the sod profoundly influences the amount of run off 
and, through both thu and the intrinsic physical 
structure of the sod, the scouring potential of that 
run-off 

In arriving at thu stage the work of W D 
Ellison* 11 has been an outstanding contribution to 
the overall knowledge of the subject The causes of 
water erosion can be stated in general terms m several 
ways But these general statements, however true 
for individual areas, are dangerous in so far as they 
may be accepted by the former as providing the 
basis for combative measures It u essential that the 
problem be stated in precise terms applicable wherever 
the problem arises Thu u what Ellison's work in a 
large measure succeeds in doing and the inescapable 
need for the combination of several sciences u dear 
Thus the studies of infiltration capacities*, physical 
in eaence, are none the leu inseparable from agricul¬ 
tural status and practice both as studies and in their 
application Ellison's contributions can scarcely be 
adequately dealt with other than comprehensively 
but particular attention might be called to those 
parts dealing with infiltration 1 and with soil trans¬ 
portation by surface flow 1 * From work of thu 
nature it is clear that the basic cause of water erosion 
u to be found in the structure of the soil and therefore 
all those treatments which influence thu structure 
have bearing on the problem Thu being so, research 
on many aspects of cropping and soil tillage are of 
direct consequence to the sod cowervatiaofct and the 
search for more suitable grasses by the agrostologut, 
the stddy of drought renstance by the physiologist. 
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and the investigation of fertility by the sod tech- regard the work of F L Dolby and L L Krlly u 
nologat are at least as important as eSects of rain- calls for special note From *hiy type of work 
drop impact, waterway design and scouring velocities developed the conception of stubble mulch forming, 
qf run-off water as described by F L Duley and J C Russell 1 *, 

That water erosion has over the past thirty yean and there seems little doubt that where suitable 
attumed the prominent place in agricultural thought machinery for the conditions can be developed this 
that it now occupies is largely due to development of practice with its sub-surface tillage will be of first 
power farming machinery This mechanization has importance in erosion control 
acted in several directions which have tended to Thft role of grasses in relation to soil structure and 
accelerate erosion Steeper slopes have been brought water intake is now receiving increasing attention 
into cultivation, land has been worked more quickly and work , ac h as that by F L Duley and C E 
after rains than was possible with horse-drawn 1m- Domino 1 * and W S Martin 11 n of particular value 
plements, thus allowing less growth of soil binding to the soil conservationist Apart from their place* 
and holding weeds and grasses, whilit the reduction m rotations, grasses are important to the conser- 

m, or even elimination of, farm animals has resulted vaUomst in the uses to which they can be put for 

in the return of less animal products to the soil and arresting or spreading water as on catchments and 

a decline m the amount of ley farming at waterway outlets, in the stabilization of waterways 

Soil loss may be either spectacular as m gullying and other auxiliary earth structures, and thus much 

or insidious as in sheet erosion but in each case the of the work of agrostologyts is of considerable value 

factors which precondition the soil are much the in soil conservation 

ume, with loss of structure predominating One of The utlluatIon t0 romb at water erouon 

the earliest contribution, on this aspect was that by u f orces consideration of economic aspect, as 
H E Midduton" in which attention was directed doe3 the wholc , ub t ofland ^ Correct land use 

to organic matter and colloid content of the sod in muat> of coursCi ^ on ^und economics but 

a comparison of erosive and non-erosive types Iong ^ particularly from the nat.onal 

The investigations of soil structure are involved point of view, is by no means stnedy or even positively 

and there are still many gaps in our knowledge for correlated with immediate profit taking by the m- 

the worker on soil conservation, either physical or dividual farmer Further, the individual former has 

biological, the contribution of J B Peterson 11 14 normally not only learnt his forming in a particular 

worthy of particular note since it provides a basis restricted area, but has inherited, or acquired from 

from which further Investigations on several aspects his immediate life long environment, his whole out- 

of sod erosion might be commenced Other contn- look on what to grow, where to grow it, and to some 

buttons of similar character to which attention might extent how to grow it R Schickalr, J P Hdocel 

be drawn are those by L D Baver 11 and'A M and R M Hurd 11 as the result of an economic 

O’Neal 17 study on certain aspects of erosion control stated that 

Both the deterioration in structure and the ex- there was conclusive evidence that in the erosive 

posure of the soil denuded of effective vegetative rations of the Corn Belt soil conditions no longer 

cover have undoubtedly been accelerated by farm warranted a highly specialized corn-hog type of 

n wh aniiati An Liter ature abounds on thu subject, forming The translation of that type of conclusion 

particularly from the United States where virtually mto appropriate change is a formidable task, but it 

every agricultural region has b een adversely affected u °oc which must conti n ual l y confront the soil con- 
Serious study of the problem quickly revealed that ravatjonut One of the greatest difficulties is to 

whatever various specific mea sures might be required diow the former that the proposed changes, made 

from place to placed field coiWry to mandatory if hu soil (, s h» capital) » to be pre- 

countvy, the basic requirement was sound forming raved, are immediately economically sound It calls 

practice The need to return to rotational forming &** arching investigations by the agriculturist and 

was soon apparent as was the necessity for de- economist in collaboration as exemplified in the 
voting* each das* of land and soil to the purpose for investigation reported upon by A C Bunge and 
which it was most suited Farm planning, as de- GW Collier 1 1 

vdoped by the Umted Sutes Sod Conservation Ser- One aspect of water erosion not of purely agncul- 
vice, was a logical outcome. tural nature which u of very considerable importance 

%nce the impounding of watqr in the sod both to the former 11 die siftation of streams and reservoirs 

for use by the plant and to reduce run-off is of basic Frequently the basic cause of such sdtatlon lies m 

importance, investigations into nnghpved methods of the abuse of watershed lands and is thus remedied 

infiltration are of particular moment and an this only when correct land use is effected In thu matter 

C bid v 
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a community-wide approach to the problem n 
generally called for so that the plans for all farms in 
one watershed may be integrated and the work im¬ 
plemented in the most effective way The relation 
of these matters to erosion as it directly affects thi 
fanner is well covered in such publications as those 
of S C Happ, G Rittsrhouss and G G Dobson 14 
and G. B Brown 11 

Since the turn of the century the menace ofwater 
erosion jof agricultural lands has heightened And it is 
fortunate that the will and ability to combat it have 
likewise increased In the first phase of intensive 
action land reclamation was the dominant motive, 
but as information was gathered it became obvious ' 
that all aspects of fkrming and land usage were in¬ 
volved To review the whole field of relevant research 
would be to cover much of the agricultural investi¬ 
gations for a very long time as well as certain aspects 
of hydrologic engineering for the past quarter of a 
century 

No such attempt has been or could be made here, 
as would be made very apparent by reference to 
such papers as those by R E Uhland 41 , F L 
Dulby and O R Mathews 17 and C. E Rasher 11 

Probably the greatest advance of the past twenty 
yean is in themethod of attacking the problem One 
point appeals as being of outstanding significance 
Thu u that there has been marked departure from 
the previously all too frequent approach to soil 
problems of altering farming practices, crop plant 
varieties and so on to compensate for changes in the 
soil Obviously now there u an increasing emphasu 
on the necenity for so handling the soil that the 
deterioration does not occur or at least u appreciably 
delayed^ and mummied 
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Chemistry of Specific, Selective and Sensitive Reactions 

F FEIGL, Eng, Dr Sc, Dr he 


I^tbofatono da Produgao Mineral Minis teno da Agnail turm, Rio de Janeiro, Brasil 


A full understanding and the further development 
of the analytical methodology, which utilizes chemical 
reactions, demand primarily a scientific treatment of 
the Mowing questions what is the bans and bow 
does one arrive at methods of detection and deter- 
mmation that are characteristic of a material or a 
small number of materials, and that make it pomtbfe 
to handle mccenfully minute amounts of substance ? 
These are (he factors which are designated as the 
specificity, selectivity and sensitivity of analytical 
methods and the reactions that underiy them 


The present state of chemical knowledge will not 
provide precise answers to all parts of these questions, 
especially if only physicochemical laws are taken into 
consideration Nevertheless, pure emptncitm does 
not offer the only solution to this difficulty Points 
of r efer e n ce and guiding principles are available for 
handling these problems, which can be approached 
from different sides In the first place it u necesnry 
to consider in detail the chempm of known im* 
equivocal and sensitive reactions Efforts must he. 
made to secure a dear understanding of the relations 
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between the composition and constitution of reactants 
and reaction products, as well as of the relation of 
the particular type of reaction to the phenomena 
which are the bases of an analytical employment 
solubility, volatility, colour, fluorescence tic A fur¬ 
ther requirement n an extensive knowledge of all the 
factors that may influence the certainty and sensitivity 
of reactions m a positive or negative direction 
Finally it 11 necessary to include a consideration of 
such phenomena, which—though they cannot be 
directly utilised for analytical procedures—are model 
instances of processes, that play a role m analytical 
procedures Pertinent material is obviously to be 
•ought in studies dealing with other fields of chemistry 
as well as with anidyus, not neglecting publications 
that may have appeared many yean ago The pur¬ 
pose will not be served by consulting abstracts , the 
original papers must be explored, because important 
statements often occur m seemingly incidental remarks 
or even in footnotes Frequently it is the in terpreta tion 
of certain data by the author of a paper, or by 
authors in later papers, which leads to interesting 
conclusions Valuable leads often come from publi¬ 
cations not dealing with analytical studies On the 
other hand, analytical papers frequently contain ex¬ 
perimental results, the importance of which far other 
branches of chemistry, including even chemical 
technology, may far exceed the analytical interest 
Therefore, a sifting of the chemical literature, guided 
by the question as to the reasons for the selectivity, 
specificity and sensitivity of analytical procedures, 
brings to light a mass of experimental facts and data 
If these are arranged, classified, critically evaluated 
and supplemented, a province will be opened which 
by no means pertains exclusively to analytical 
chemistry It is rather an area of experimental 
chemistry, closely related to many special fields of 
chemistry, the term chemistry of specific selective 
and sensitive (ns) reactions is an appropriate and 
justifiable designation for this branch of the science 

The functional field of chemistry of s b 1 reactions, 
as just outlined, has grown out of recent tendencies 
and problems, which Have confronted chemical 
analysis with new tasks These tendencies are 
rationalisation of chemical tests through the greatest 
possible economy in material, nine and labour The 
new problems were occasioned by more rigid demands 
regarding the punty of chemicals, and by the appre¬ 
ciation of the fact that small amounts of materials, 
which are aWociated with m^jor quantities of other 
substances, frequently are so very significant m fixing 
the pr operties of technical materials, or in geo- 
cbetidcal questions and also in biochemical processes, 
that their detect** and detennln^tofi becomes of 
primary Importance. Spot test analyst offers distinct 
advantages w efforts to simplify analytical procedures 


and reach microchemical goals 1 By means of spot 
tests it by a simple macro technique, it often is 
possible, without preliminary separations, to carry 
out detections and colorimetric determinations (spot 
colorimetry) which are microchemical in their 
detection limits This success demonstrated that the 
decisive factor in microanalyns a not the employ¬ 
ment of a particular technique but rather the ability 
to deal effectively with minute quantities of sub¬ 
stances Of farther reaching significance, however, 
was the fact that spot test analysis has opened a new 
approach, which is characterized by an unpre¬ 
cedented variety in the choice and use of reactions. 
This has provided a vigorous impulse for research 
on the analytical utilization of reactions For such 
research the chemistry of s s s reactions has become 
a donor and an acceptor, as the following will 
illustrate 

REACTIONS LEADING TO METALLO-OROAN1C 
COMPOUNDS 

Organic compounds, which are capable of forming 
salts and also of participating in addition and con¬ 
densation reactions, provide valuable subjects for 
studies of the analytical usefulness of reactions 
Previous ex p er ience has proved that definite atomic 
groups are responsible for the ability of organic com¬ 
pounds to enter into certain reactions, as well as for 
the colour, solubility, fluorescence ttc of reagents and 
reaction products The activity of such groups how¬ 
ever is not independent of the remainder of the 
molecule Other atoms and groups may exert an 
influence on the colour quality and solubthty of 
reaction products Numerous observations on this 
subject are available 1 , and they point to the existence 
of certain rules and regularities, winch have led to 
the discovery of new organic reagents Studies of 
group action, which often require that due attention 
be given to the isomerism, tautomensm and resonance 
of organic compounds, have practical as well as 
theoretical value, since the introduction of reactive 
groups into organic compounds quite often results m 
reagents with desired effects Preparative organic 
Chemistry may also benefit from such endeavours, 
because the synthesis of new compounds with a view 
to testing their analytical behaviour can result in 
improvemen ts of the methods for preparing previously 
known compounds The principle of group action 
for the discovery of new tests has likewise proved 
useful in organic analysis 

Th* important role of organic reagents in modern 
methods of inorgame analysis has fittingly' been 
recognized by the recent publication of > excellent 
moQogJWphs* However, fin examination of them 
volumes reveal* that the chemical basis of the appli¬ 
cations of all organic reagents is by no meads knoWn, 
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nor has their action been correctly interpreted in 
many instances Much interesting research remains 
to be done here The recording of the composition, 
constitution and properties of reaction products of 
organic compounds that have been turned to 
analytical use—a task that abstract journals for the 
most part perform inadequately—11 of importance 
tto the chemutry of complex compounds Many new 
metallo-orgamc compounds, which can be fitted into 
certain classes of complex compounds, have been 
isolated in the course of analytical researches The 
systematic^ of complex compounds has thus been 
ennehed, but in addition members of totally new 
classes of complex compounds have been discovered 
in thu way Examples include the bi-nuclear com¬ 
pounds of palladous chlondc with fuchsme hydro¬ 
chloride isolated by P W West 4 , which throw a 
light on the constitution of the previously described 
addition compounds of benzidine with metal salts, 
and also the compound of mercunc fluonde with 
benzidine hydrofluonde, discovered by C Pertusi* 
in connection with a specific test for fluonde The 
analytical study of complex-forming organic com¬ 
pounds sometimes discloses unexpected reaction 
products or reaction paths Pertinent examples are 
salicyl&ldehydc (mode of reaction interpreted by 
P Pfeiffer and hu co-workers* has recently been 
put to analytical use by F R Duke 7 ) , the mercury- 
and nlver-beanng compound of 8-hydraxyquinohne 
(ooune) isolated by R Berg* , the precipitation of 
palladium by means of 6-nrtroquinoline, recom¬ 
mended by S C Ooburn and A H Rmpmait*, 
the compounds of palladium salts with furfuraldoxime 
studied by J R Hayes and G C Chandlef 1 * , the 
production of inner complex salts of tervalent 
thallium recently discovered by F Feiol 11 , and the 
demonstration of the acidic character of inner com¬ 
plex palladium dimethylglyoximate 1 * In such cases 
the question antes as to whether the structure of 
reaction products or the mechanism of their formation 
is not of more interest than analytical applications 11 

Papers on analytical chemistry have made chemists 
aware of numerous new inner complex salts the 
characteristics of which can now be critically 
examined Even at thu stage it may be stated that the 
previous characterization of these compounds by ab¬ 
normally low water solubility and ready solubility in 
organic liquids as well as by abnormal colour intensity 
constitutes an undue generalization which needs re¬ 
vision 14 . The solubility erf* inner complex compounds 
m organic liquids, which makes possible their ex¬ 
traction in certain analytical procedures, appears to 
be dependent on group actions However, evidence 
supporting thu viewpoint is not available as yet, 
though tt could be secured from quantitative solu¬ 
bility determinations Such data would have great 


value in deepening the knowledge not only of inner 
complex binding but also in securing a better under¬ 
standing of solution processes There are still other 
problems where consideration and study u stimulated 
by inner complex compounds Thus the formation 
and acid resistance of certain inner complex com¬ 
pounds poult to the existence of so-called false 
equilibria (analogous to the familiar behaviour of 
cobalt sulphide and nickel sulphide), and there u 
also evidence, as in the behaviour of inner complex 
palladium compounds toward alkali cyanide, that 
sometimes false equilibria appear 1 * Furthermore, 
the surface and fusion reactions undergone fay inner 
complex-forming organic compounds with solids are 
of many sided interest 1 * The instances a ted here 
are indicative of the host of phenomena and problems 
that arise when, as demanded by the chemistry of 
s s s reactions, organic reagents are considered not 
solely from the standpoint of their analytical utility, 
but when efforts arc made to take into account all 
of the factors, which contribute to this usefulness 

CATALYSIS REACTIONS 

New and better methods of detection and deter¬ 
mination do not come solely through the use of 
organic precipitants and colour reagents These goals 
can be reached by still other means Catalysis reac¬ 
tions, the microchemical importance of which was re¬ 
vealed by spot test analysis, come first in thu category 
A familiar feature of the catalytic acceleration of 
reactions u that frequently the action u produced by 
very small amounts of material and is limited to 
quite definite reaction systems However, these 
features simply signify sensitivity and selectivity 
Actually, a considerable number of substances may 
be detected, or in some cases even determined, m 
minimal quantities with great selectivity by means 
of their catalytic activity in homogeneous and 
heterogeneous reaction systems Many new catalytic 
effects have been discovered through analytical 
studies, and numerous catalysis reactions which had 
been forgotten have now become popular because 
of their use in analysis Thu was the case for instance 
with F Rasohio'i observation 17 in 1915 that alkali 
sulphide or thiosulphate markedly accelerates the 
reaction 

SN&N. + I.-fSNal + 

wh^ch proceeds at an Immeasurably slow rate in the 
absence of a catalyst 'Much later it was shown 1 * 
that the inmatiop of the todine-axide reaction, which 
can be readily observed because of the evolution of 
nitrogen, can be used in the form of a spot test to 
detect inorganic and organic sulphides. 

The following example xUustrates a pomt of view 
characteristic of the chemutry of uj, reaction*. 
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R Kempt 1 * observed that the activation of per- 
sulphunc acid by Ag 4 ions, originally discovered by 
H Marshall 1 *! also applies to oxalic acid The 
latter u oxidized to carbon dioxide and water , and 
this fact n the basis of a volumetric method of deter¬ 
mining ^persulphate* The question arises at once 
whether this behaviour n characteristic of oxalic acid 
only, Although Kempf had found that many other 
organic compounds are oxidized by this reagent, this 
fhet had not been stated in the analytical abstract 
because it was not of immediate practical significance 
Consequently, some forty years passed before F 
Obkrhauber and his collaborators 11 explored the 
possibilities and discovered that it is feasible to 
determine the carbon content of certain water- 
soluble organic compounds by a wet method through 
die activated persulphate oxidation Recently it 
was shown that activated penulphunc acid readily 
decomposes many organic compounds or salts of 
organic acids or bases dissolved or suspended in 
water, and analytical use has been made of this 
finding** Another related effect is important to the 
chemistry of iss reactions M Dittrich and H 
Bollenbach 1 * observed that, in the presence of Ag 4 
ions, persulphate quantitatively converts silver iodide 
into silver lodate This observation has no analytical 
value as yet, but it merits considerable interest as 
an instructive instance of the reactivity of solids 

FLUOREICBNCF EFFECTS 

» 

The original application of this type of analysis was 
limited to the detection of fluorescing substances m 
a given sample, but has undergone a remarkable 
extension because of spot test analysis It was ob¬ 
served that reactions between two organic reactants, 
neither of them fluorescent, sometimes produce 
fluorescent compounds This makes possible sensitive 
spot tests for certain groups and organic compounds 14 
For a long tune, little attention was paid m inorganic 
analysis to the production of fluorescing compounds, 
although eighty years previously F Goppelsroeder 14 
and M Jawe** had discovered the fluorescence reac¬ 
tions of aluminium with monn and of xinc with 
urobilin These were dear examples indicating that 
selectivity and sensitivity could be combined in 
fluorescence reactions, analogous to these similar 
characteristics of catalysis reactions Stimulated by 
the studies of H Goto** and C £ White**, de¬ 
served attention is now being given to the production 
of fluorescing inorgamc-orgamc compounds and to 
the quenching of fluorescence by means of certain 
chemical reactions. A contributing factor it that 
fluorescence can be employed not only for quali¬ 
tative tests, but~quantitative determinations bas ed 
on photometric meas ur e me nts of<the intensity of 
fluorescent solutions are quite feasible. White sug¬ 


gested the term fluorometnc analysis 1 * for the use 
of fluorescence reactions in analysis Redox reactions, 
which lead to fluorescing compounds, also belong to 
this category Excellent examples are the interesting 
tests for oxygen and ozone by means of adrenaline 
and dihydroacndinr discovered by M A Konstan- 
tinowa-Shlezinoer * 4 and the spei ific test for trypto* 
phane with perchloric acid described by H Tauber * 1 

When the fluorescence of compounds with organic 
components u considered within the framework of 
sss reactions, it must be noted that atomic groups 
and linkages 1 § constitutive problems, play a part 
As yet the knowledge of these factors is too scanty 
to provide guiding principles which might facilitate 
the search for organic fluorescence reagents, as is the 
case when seeking new precipitation and colour 
reagents In this connection it 11 well to remember 
some observations that were made in analytically 
oriented studies and which demonstrated that the 
fluorescence of inorganic-organic compounds may 
also depend on their state of aggregation For 
example, many oxinates fluoresce intensely both in 
the solid state and when dissolved m organic liquids, 
whereas salts of oxine with inorganic and organic 
acids fluoresce only as solids, but not in aqueous 
solution* 1 C E Whitf and M H NEUsrADT* 1 
made the interesting discovery that fluorescence 
appears in the system alkali zincato-benzom only 
when magnesium hydroxide is present This indicates 
that the latter functions as adsorbent for a soluble 
zinc-benzoin compound, and thereby becomes 
responsible for the characteristic fluorescence, which 
constitutes this selective test for zinc It thus seems 
likely that the passage of dissolved materials into the 
solid or adsorbed condition may involve such changes 
in constitution as can result in fluorescence 

The use of organic reagents, catalysis reactions and 
fluorescence reactions shows that taking specificity, 
selectivity and sensitivity as objectives has led to the 
abandonment of a one-sided preferment of certain 
types of reactions Hence it may be anticipated that 
photoreactions and chemiluminescence, phenomena 
which hitherto have been somewhat neglected, /Will 
likewise contribute to the solution of analytical 
problems Indeed, even reaction anomalies need by 
no means be merely undesirable effects , occasionally 
they too can be used to advantage by the analyst 
For example, a spot test for native albumen with 
tetrabromphenolphthalem ester is based on a so- 
called protein error* 4 . 

capillary analysis and chromatography 

If th* tests and m ethods of determination which 
were described within a particular period of ram 
are arranged according to sensitivity and rdiatflity, 
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it becomes evident that it » much easier to find 
sensitive reaction* than such as are selective or even 
specific Consequently it a necessary to take into 
account all possibilities through which the selectivity 
of reactions can be increased One possibility, which 
may be characterized as the removal of materials 
from a common reaction site, is based on observations 
that reach back a long way, and the significance 
of which became apparent only with the development 
of microanalytis F ScHbNBKiN* 1 was the first to 
discover that when solutions ascend strips of filter 
paper, or when drops of a solution spread in filter 
paper, the dissolved materials lag behind the solvent 
m separate zones Accordingly, local accumulations 
of materials result F Goppxlsrokdkr 11 , who made 
an intensive study of this zone formation, and who 
appreciated the value of this phenomenon for the 
separation and accumulation of dissolved materials 
and for the characterization of solvents, coined the 
term capillary analysis In spot test analysis frequent 
use is made of this zonal segregation of materials 
when carrying out drop reactions on pure filter paper 
or on paper impregnated with suitable reagents, 
because in this way it is possible to secure a better 
visibility of small quantities of coloured materials, 
and also to detect fractionated precipitations It is 
now known that capillary analysis does not depend 
solely on capillary spreading and the difference in 
diffusion rates of dissolved materials Filter paper 
is not merely a capillary medium, it acts at the 
same tune as an adsorption medium by reason of 
the great area and chemical nature of the traversed 
capillaries and also because of the small but not 
negligible content of mineral constituents, which are 
highly dispersed throughout the paper The effects 
utilized by SchOnbein and Goppelsroeder also appear 
with other materials which permit a capillary 
migration and adsorption of dissolved substances 
Thu fact was first appreciated by M Tswbtt”, 
whose studies on column adsorption, though over¬ 
looked for years, have made him the originator of 
chromatography", which u sow widely employed 
[Studies of the chemistry of s s s reactions lead not 
only to the establishment of facts which cannot be 
found in abstracts, but occasionally also to interesting 
statements regarding priority Thus it seems not to 
be known that L Razo", thirteen years before 
Tswett, d isc overed that it a pomible to separate 
certaiii inorganic and organic salts (alkaloids) by 
column adsorption (on kaolin) Since Reed <fis- 
cuMtd both column adsorption and capillary spread¬ 
ing in paper, there 11 no doubt that the researches 
of Schflnbdn and Goppelsroeder served as the 
starting pftnt for the development of chromato¬ 
graphic analysis. With no intent to disparage 
Tswett’s importance, Reed's contributions cannot be 


been revived and improved under the name paper 
chromatography by R. Comsdkn and co-workers 4 *. 
Thu kind of chromatography u of considerable im¬ 
portance for the solution of microchemica! problems 
Adsorptive separation 11 the result of selective 
addition or exchange reactions on the surfkce of the 
material serving as adsorbent Solution components 
are thus fixed in distinct zones of the adsorbent, 
where they then can be definitely detected by means 
of non-selective though sensitive reactions 

MASKINO AND DEM ASKING 

Important procedures for enhancing the selective 
action of reagents are based on the prevention of 
reactions If a selective reagent u undergoing several 
analogous reactions, the equilibrium positions of 
which at practically complete reaction are dependent 
on pH to different extents, adjustment of the reaction 
rmlxtu to certain pH values or intervals can then pre¬ 
vent the occurrence of unwanted reactions Thu 
stratagem u used especially with organic reagents 
Another type of reaction impedance consuls in lower¬ 
ing the concentration of ionic or molecular species 
without dilution so that certain colour or precipitation 
reactions no longer occur Thu u possible when the 
addition of appropriate reagents produces compounds 
where the reactions are of different types Thu pro¬ 
cedure u known as masking By combination with pH 
adjustment, masking can frequently be employed to 
elevate the action of less selective precipitation and 
colour reagents to high selectivity or so m etimes evfcn 
to specificity Masking agents may be either inorganic 
or organic in nature In the latter case, the action 
of certain groups plays a significant role in the same 
manner as with precipitation and colour reagents 

Because of their great practical importance and 
variety, masking reactions must be considered at 
considerable length in the chemutry of s t s reactions 
It has been found that undue generalizations must 
be avoided and new viewpoints taken into account 
Thus masking has hitherto been absolutely identified 
.with complex formation, because the action of most 
masking reagents u due to the production of soluble 
complex compounds This identification unot correct 
On the one hand, there are numerous complex cam- 
pounds where solutions show no milking effects , on 
the other hand, examples can be a ted in which the 1 
production of soluble principal valence compounds 
may lead to masking This latter category includes 
the annulment of the bask action of NH r groups 
m cavboxyHc mods by the addition of formaldehyde 
(Serensext formol titration 41 ), the masking of the 
mdometnc oxidation of sulphites by formaldehyde 41 
as wdL as the masking of almost all reactions of 
molybdenum, tungsten and vanadium aods by 
hydrogen pertmde 41 or fiuoridas 44 . 


overlooked.] The filter strip method has recently 
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For the ntuyor parti mtfiring reactions which occur 
m solutions and lead to soluble compounds are 
equilibrium reactions They usually require the use 
of an excess of the masking agent and can be reversed 
again by removal of the masking agent The freeing 
of previously masked tome dr molecular species has 
been called demasking w This merits consideration 
in regard to its use in analysis Pertinent instances 
am the demaifong of Ni(CN) 4 ~ a ions to Ni+* ions 
by formaldehyde, and the demasking of dimethyl- 
gtyoxsme from [PdDJ“* ions by cyanides These 
liberations are the bans of sensitive and selective tests 
for and determinations of nickel 44 and cyanide 47 
Masking never completely removes certain ionic or 
molecular species, but only reduces their concen¬ 
trations The extent of this lowering determines 
which colour or precipitation reactions can be pre¬ 
vented It is therefore easy to see that masked 
reaction systems can also function as reagents at 
times (* g Fehling’s solution, Nessler's reagent) 

If masking is defined as the lowering of an ionic 
or molecular concentration because of formation of 
principal or auxiliary valence compounds with the 
masking reagent, it is not necessary that the reaction 
products remain in solution Insoluble reaction pro¬ 
ducts may likewise be masked against chemical 
reactions Thus a neutral or acetic acid solution 
containing iron and cobalt reacti with o-mtroso-0- 
naphthoi to give a red-brown precipitate of the 
corresponding mtrosonaphtholates If, however, 

feme phosphate and cobalt phosphate are precipi¬ 
tated by means Of an alkali phosphate before adding 
the organic reagent, only the cobalt phosphate reacti 
with the naphthol In this way, it is possible to make 
a delicate spot test for cobalt m the presence of 
considerable quantities of iron 44 Analogous differ¬ 
ences in the reactivity of the components of mixed 
precipitates are frequently utilized m spot test 
analysis. It may be assumed in such cases that the 
solubility of a non-reacting precipitate is too slight 
to furnish the ton concentration requisite to the 
occurrence of the particular reaction This corre¬ 
sponds to a reaction milking by precipitation There 
h still another type of masking which is related to 
the foregoing One constituent of a mixed precipitate 
may suffer die loss of much of its reactivity This is 
seen in the systems barium sulphate-lead sulphate, 
banum sulphate-calcium sulphate and with many 
mated sulphide precipitates 4 *. In such cases one 
solid seems to serve y a masking agent for another 
The same Bolds for certain insoluble complex com¬ 
pounds, where components when alone act as solid 
fata*. For instance, in dolomite CaMg(OOi)t, the 
magnesmm carbonate is mashed,\tgan»t certain 
colour reagent^ which promptly teact with free 
n—gnesfiim carbonate (differen t iation ct dok mv te 


and magnesite**) A water-soluble compound built 
into a crystal lattice of a solid may also be masked 
This is shown by H Wohlers* observation 11 that 
banum sulphate precipitated from a solution con¬ 
taining potassium permanganate is deep red, and 
that the retained permanganate cannot be removed 
either by washing with water or by treatment with 
a reducing agent Wohlers' discovery was later 
developed 11 into a method for making small quan¬ 
tities of banum mlphate visible, a nice example of 
a useful idea derived from non-analytical studies. 

TOPOCHEMICAL REACTIONS 

The phenomena, which V KohlbchCtter named 
genetic formation of materials and topochemical 
reactions, constitute interesting chapters in the 
chemistry of i s s reactions The former term denotes 
the attribution of chemical and physical properties 
of a material to the particular condition* that 
prevailed during its formation If a particular reaction 
locale plays a role in determining the speed of a 
reaction a* well as the permanent or transient reten¬ 
tion of a reaction product and its properties, then a 
reaction becomes topochemical Important factors " 
attending the formation of solid phases are the pro¬ 
duction of nuclei and the growth of nuclei, the 
speeds determining the form-species of precipitates 
F L Hahn’s method 1 * of precipitation from extreme 
dilution (which can also be accomplished by means 
of soluble complex compounds) enables the analyst 
to reduce the production of nuclei and thus to obtain, 
in place of gelatinous manes, dense precipitates, 
which filter well and are less prone to exhibit adsorp¬ 
tive properties H H Willard 44 obtains a like 
result by precipitation from homogeneous solution, 
a method that is based on the gradual production 
of reactants by hydrolysis The province of the 
genetic formation of materials also includes a con¬ 
sideration of the feet that amorphous and in particular 
gelatinous precipitates often exhibit a resistance to 
H+ and OH~ ions, which increases with tune Thu 
u known as aging It may be assumed that aging, 
which u connected primarily with modification of 
surface, will manifest itself in the behaviour of the 
materials towards still other chemical agencies, and 
this can be of considerable importance t& analytical 
chemistry It seems that the possibility of new reac¬ 
tion paths u not ex c lud ed when dealing with aged 
precipitates. Thu has been demonstrated in the case 
of .nickel hydroxide Freshly pre cipi tated nickel 
hydrqnde reacts with potaauum periodate to pro¬ 
duce n i ck e l period* te, whereas opened nickel 
hydroxide gives higher niche! oxides A new test 
for pcqpdttc u h*sed ea th» unexpected finding 1 *. 

Topo chem i c al reactions which can be put to 
analytical use occur when one of the reactants is 
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not soluble in water Frequent use u made of this 
situation in spot test analysis as well as m the off¬ 
print process for detecting mhomogeneities in metal 
and mineral sections Hie coloured reaction products 
remain at the site of their formation and the sen¬ 
sitivity of the tests is thereby enormously increased 
Topochemical reactions provide the basis of the pro¬ 
tective layer effect 1 * the micro-analytical importance 
being illustrated by the following spot reaction 
if a drop of a palladoui chloride solution is placed 
on paper impregnated with nickel dune thy lgly oxime 
and the red paper is plunged into dilute mineral 
acid, the colour is discharged except at the spot 
fleck Acid-resistant paUadium-duncthylglyoxime is 
formed at the spot where the drop was applied and 
protects the underlying mckel-dimethylglyoxime 
fcpm the solvent action of the acid As little as o o^y 
palladium can br specifically detected in this 
way 

The consideration of topochemical reactions poses 
the question as to the mechanism by which solids 
react The classic concept that solids react with 
dissolved reagents solely via the portion of the solid 
that has gone into solution, which u then constantly 
resupplied, has handicapped the appreciation of the 
great importance of the direct reactions of 10ns and 
molecules residing on the surface of solids In such 
cases, the reaction products may form an independent 
solid phase or they may pau into solution However, 
reaction products may also remain in the phase 
association of the solid Obviously this u possible 
only when the reacting portions of the surface in 
addition or exchange reactions do not leave their 
phqpe association An occurrence of this kind corre¬ 
sponds to the concept of chemical adsorption 

New ideas concerning adsorption compounds and 
colour lakes are obtained 17 when the picture of topo- 
chcmical surface reactions is earned over to solids 
which ire m the hydrotol or hydrogel form The 
precipitation of adsorption compounds of tannin with 
metals, based on pioneer work of W R Sohoblukr** 
and so widely used in analysis, has hitherto been 
regarded as a flocculates Of negatively charged 
hydrotol particles of the tannin, with positively 
charged hydrotol particles of inorganic hydrolysis 
products 19 This idea is controverted by the occur¬ 
rence of tannin precipitations through the action of 
like charged particles (eg tungsten tnonde-tannin 
precipitate) and a bo by the fact that many tannin 
precipitate* are highly coloured, although according 
to colloid chemical experience the mutual floccula¬ 
tion of cdourlea particles produces no colour change 
Therefore, it is more likely and also consistent with 
the polyphenol nature of tannin that metal-tannin 
precipitates are products of topochemical reactions, 
which take place on the surfoce of metal hydrotol 


particles with truly dissolved tannin, as well as of 
reactions of metal 10ns on the surface of colloidal 
tannin particles Analogous topochemical reactions 
are probably to be assumed in general for the pre¬ 
cipitation of adsorption compounds, which are usually 
characterized by tl>e fact that one of the reacting 
materials is in the colloidal range** 

Because of their colour and varying composition, 
many tannin precipitates are closely related to the 
so-called colour lakes, the production of which is not 
only the bans of numerous sensitive and selective teals 
for metals (including also rolonmetnc determinations) 
but also of importance for the technical processes of 
textile dyeing In the literature, colour lakes are 
almost always considered as inner complex salts of 
metals with acid dyestuffs, even though such salts, 
if they have been isolated at all, have ordinarily been 
obtained under conditions which do not correspond 
to those prevailing when the products are formed in 
analytical or technical processes The weakness of 
thu undue generalization is proved by the aJumimum- 
alizann lake, which is a model instance of lake, 
formation This material exhibits chemical proper¬ 
ties and also has a different colour than the inner 
complex aluminium alizannate, isolated in 1913 by 
A Mohiau * 1 This discrepancy, which hitherto has 
been completely ovei looked, js of interest to the 
chemistry of s s s reactions where the colour lakes 
of the type just mentioned are regarded as products 
of surface reactions of metal hydroxides with dyestuffs, 
with constitutions enabling them to enter into 
inner complex binding, the reaction products re¬ 
maining in the phase association of the solid This 
viewpoint, which stipulates the same topochemical 
formation mechanism for colour lakes and tanmn- 
adsorption compounds, does not exclude the for¬ 
mation, under suitable circumstances, of reaction 
products which closely approach formula-pure inner 
complex salts* 1 furthermore it can be expected 
that colour lakes may br formed not only through 
inner complex binding of dyes on a reactive surface, 
but alio by addition only This was recently demon¬ 
strated** in the case of palladium cyanide, which 
retains banc dyestuffs with typical change in colour 
With basic indicator dyestuffs, the lake colour is 
essentially identical with the colour of the indicator 
in the acidic pH range (Thu finding gives an 
interesting insight into the resonance forms of indi¬ 
cators ) Hie palladium cyanide lakes, where easy 
production may serve for the identification of thu 
salt, provide the first instances, of metallo-orgamc 
adsorption compounds, the inorganic component of 
which is not a basic or acidic metal hydroxide 

Adsorption compounds and lakes show that it u 
possible through surface reactions to stabilise 
chemical linkings which cannot be realised ul tbe 
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form of Dalton compounds This opens interesting 
prospects For example, it gives a plausible point 
of attack for such problems as reaction anomalies, 
co* and post-precipitation 44 , the masking of com¬ 
ponents of mixed precipitates etc The idea of topo- 
chemical surface reactions* 1 may also be used when 
considering the collector action of precipitates This 
term denotes the retention of traces of co-solutes by 
certain precipitates during their formation and m 
many instances after they have aged Since this 
retention is often selective in character, it has become 
the basis of important procedures of trace analysis, 
which is a modem and very useful branch of micro- 
analysis** 

Acknowledgment 1 s due to Dr R E Oesper of the 
University of Cincinnati for translating this paper from the 
German 
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One of the major difficulties in bakery research is 
to assess the characteristics of quality in baked 
products by scientific methods It u desirable to have 
in addition to organoleptic tests other methods of 
assessment removed from the difficulties surrounding 
the correlation of individual judgements For this 
reason physical instruments find a place in any 
complete scheme of quality testing 

When bread is scored for quality, many different 
points are commonly taken into account by the 
judge Of these only a few are capable of measure¬ 
ment on some instrument However, the reliability 
of these instrumental readings compensates to some 
extent for their limited scope and enables them to 
be put to a variety of uses in the laboratory or in the 
bakery Their chief a»et is their sensitivity Much 
smaller changes can be detected than by subjective 
aiscMiient, which finds immediate use in production 
control For research purposes the effect of changing 
ingredient* or processing can be detected and 
measured and the relative importance of such 
variables determined 

In developing suitable test procedures the aim is 
to provide sufficient sensitivity in the simplest manner 
possible A limit to the semiUvity required in any 
application is set by the variability between loaves 
within a batch, and when this u the factor which 
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limits the accuracy the senuuvity of the test Is 
sufficient for practical purposes 
Four different types of instrument have‘been de¬ 
veloped for measuring loaf volume, crumb firmness, 
toughness and gumminess These pr op e r ties do not 
by themselves give a fair estimation of bread quality , 
there are many other aspects The instruments are, 
however, of great service, largely on account of their 
sensitivity and their objecuve nature 

THE LOAF VOLUME APPARATUS 
This apparatus was developed to meet the need for 
an accurate measurement by simple and reliable 
means Many other types have been described pre¬ 
viously, the present apparatus being developed from 
a simple type introduced in 1938 by W H Gathoart 
and L G Cole 1 by a slight elaboration which has 
the effect of reducing the error of the original form 
to less than half 

The apparatus, which is shown in Figure 1, consists 
of a rectangular wooden box of dimensions convenient 
to contain the loaf with space all round and a special 
pouring device which fits over the top of the box 
This u for the introduction of seed into the box to 
fill the space around a loaf contained in it in such 
a way as to secure even packing of the seed The 
packing error 0 the chief difficulty to be overcome 
in measuring loaf volume and all types of apparatus 
are designed with the object of overcoming it The 
seed used » pearl barley Rape seed has been widely 
recommended, but when tried in the apparatus was 
fbund to give no improvement Pearl barky has the 
advantages of being cheap, easily obtainable and con¬ 
venient to handle During manufacture it is dried 
to a low moisture content and keeps well. 

The pouring device consists of a large conics! 
hopper to hold the 7 lb (3 a kg) of barley used and ' 
having a f m (16 mm) diam hole at the bottom to 
regulate the flow The seed impinges on a cone 
which is fixed on the centre of apiece of ^ in (B tom) 
wire gause The coot deflects the seed to the side of 
the box, while the game scatters it and produces a 
uniform speed. The seed is prevented from over¬ 
flowing by a wooden guard. 

In use, the apparatus is placed in a kege May, the 
bottom of the measuring box n cove r ed with a fixed 
amount at seed, the loaf is inserted and the pouring 
device fixed above the box. All the seed Is Irecrttd 
into the hopper and allowed to run through. The 
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pouring device is then removed and the seed levelled 
to the top of the box by drawing a wooden straight¬ 
edge across it, the edge being tilted slightly forwards 
.The box is not tapped Hie surplus seed » then 
removed from the tray, the seed ts emptied out of 
the bqg and weighed The weight of the seed re- 
1 quired to All the space around the loaf is a measure 
of its volume and the apparatus can be calibrated 
to give a direct conversion 

The apparatus 11 calibrated using wax coated 
loaves, as recommended by J G Malloch and 
W H Cook 1 A senes of loaves of different volumes 
is coated with paraffin wax to make them water¬ 
proof and the volume can then be determined by 
direct displacement of water in a Eunka can It is 
essential to use loaf shaped objects for the calibration 
as the seed will pack differently around objects of 
different shape This is p r evented from causing error 
for different shaped loaves by the cone above the 
wire gauze, but the use of, for example, rectangular 
blocks for calibration would not be permissible 

To check the reproducibility of the results, a senes 
of ten readings was taken with the apparatus on 
each of six loaves used for calibration The co¬ 
efficient of variation was found to be o 20 per cent 
To show that this accuracy is adequate, a senes of 
twenty similar loaves baked on the same day and 
hand-moulded by the same baker is measured 
The coefficient of variation was fl 9 per cent A 
satisfactory degree of accuracy is thus attained The 
apparatus is In fact believed to be more accurate 
than any other type If it u required to test other 
sizes or shapes of loaf an apparatus for the purpose is 
easily constructed and can be designed to use the 
minimum quantity of seed, an important design con¬ 
sideration to achieve maximum accuracy 

CRUMB FIRMNESS 

For representing crumb firmness by a single figure, 
a simple comprenuneter has been designed and a 
standard procedure based on the measured charac¬ 
teristics of bread crumb u applied The co tn pr cssi- 
meter, which is shown tn Ftgm *, contains two braM 
plates, between which the crumb sample is com¬ 
pressed, th /e lower plate being fixed and the upper 
plate constrained to move up or down vertically 
To the upper plate is fixed a platform on which 
weights may be applied and to this 11 attached a 
string paging over a pulley to a counterweight The 
movement of the pulley n indicated by a pointer 
attached to its spindle, which latter runs m ball 
hearings In use, a circular sample 3 a cm diam is 
cult from the centre Une of a slice of bread 1 cm 
thick takefc frotfl as near the ccfcere of the loaf as 
practicable And a cm from the bqftm crust, using 
a sharpened pastry cutter. 



Before a satisfactory teat procedure was evolved, 
a good deal of experimental work was earned out 
It was found that when a weight is applied to the 
platform above the test sample, the c o m pr e s sion in¬ 
creases fairly slowly to a more or leas constant value, 
taking about x minute or so to steady After one 
minute, the reading is substantially constant for prac¬ 
tical purposes, although it continues to increase 
slowly and linearly for a considerable tune, the 
initial increase being exponential If then the 
weight ts removed the sample slowly recovers prac¬ 
tically all its deformation, with the provisos that the 
atmosphere is sufficiently moist to prevent appreciable 
drying of the sample, which prevents complete re¬ 
covery, and the weight used has not been so large as 
to completely flatten the sample It is impossible to 
prevent drying entirely as the equilibrium humidity 
of bread crumb is over 90 per cent Now, if the 
test is repeated on the same sample, the same tendings 
are again obtained, if the sample has been allowed 
about 10 minutes to recover By using different 
weights each time and leaving each for the same 
time, a number of readings of weight versus com¬ 
pression can be obtained, from winch a stren/ttrain 
curve can be plotted Thu curve, of which a typical 
narrnpir is shown in Ftgttrs 3, is of peculiar shape 
The initial portion, for email stresses, is parabolic 
Theo^as the Weight increases the curve bends over 
aw) a sudden large increase in strain occurs for only 
a small increase in stzras until, as the cells collapse. 
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the resistance again increases rhis curve u similar 
in some respects to those published by L B Cross- 
land and H H Favor* It u found that all stress/ 
strain curves exhibit similar characteristics, having a 
point of inflection at a strain (compression/onginal 
thickness) of about o 3 to o 4 Stress/strain curves 
w< re then obtained for samples of different areas and 
different thicknesses It was found that the stress 
required to produce a given strain is proportional to 
area of cro» section, but the compression produced 
by a given force was only proportional to thicknru 
for strains of o 5 or larger For small strains of 0 1 
or so the compression was almost constant for 
different thicknesses 

This is one factor which influenced the choice of 
a routine test The other important factor is the 
reproducibility of the readings If percentage ac¬ 
curacy is considered, then the best reproducibility is 
obtained for strains between 03 and 05 Accordingly 
the test chosen to give a numerical indication of 
firmness is to find the weight required to give a 
strain of o 3, using a cutter of a particular area of 
cross section The results using cutters of other areas 
can be compared if the readings are divided by the 
area 

The method of carrying out the test makes use of 
the experimentally determined fact that if a weight 
is applied to a test piece for one minute, and then 
a farther increment of 50 gram is added and left on 
for a further minute, the resulting c om pr essi on is the 


same as if the whole weight had been applied for 
one minute, within the e xp er i mental errdr. Thu 
process of incrementing the weight applied at inter¬ 
vals of one minute can be repeated about five tunes 
without loss of accuracy Thu enables a senes of 
trials to be made under increasing weights until a 
compression of half the original thickness u obtained 
The weight nearest to this is noted as the figure for 
firmness Thus, firmness figures are obtained to the 
nearest 50 gram The cutter size which has been 
found most convenient has a diaxfieter of 3 a cm and 
an area of 8 oa sq cm 

Although firmness u an important factor, the test 
u not a very scnsiuve one as there u a considerable 
variation between loaves In a recent test on eighteen 
similar hand-moulded loaves, using the above pro¬ 
cedure, the variance* between loaves was about 
8,000 gxn a while the variance between slices, which 
includes the experimental error, was 700 gm* The 
average firmness in this case was 506 gm, compared 
with which the standard deviation ofq<j gm u consider¬ 
able Thu defect u minimized in practice by taking 
the average figure of three loaves It would seem, 
however, that a mechanical system of processing u 
desirable to reduce the variability between different 
operators and the same operator at different times, 
as the test u frequently used to detect fairly small 
differences introduced by changing a single processing 
or ingredient variable 

The test for firmness may be earned out after 
various periods of storage, whereby the effect of 
storage conditions and the relative effect of different 
processing and ingredient variables on the rate at 
which firming takes place may be determined 

TOUGHNESS OF BREAD CRUMB 

Thu u measured with the instrument shown in Figure 
4, known as a tenderometer it u a simplified vemon 
of an apparatus described by G W Robinson 4 A 
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■ample of crumb of standard dimeraiom 7x5X1 cm 
u fixed between the two paper damps which have 
been adjusted to that they will only partly dote and 
gnp the bread firmly without crushing it I he lower 
clamp is fixed , the upper damp is attached by a 
string to one tide of a pivoted beam On the other 
side of the'beam a weight is hung, which is moved 
outwards until the bread breaks The force required 
to break the sample is a measure of its toughness 
This measurement is not correlated with firmness 

THE TAGKMHTER 

For detecting and measuring gumminm or 
doughiness in bread crumb, the simple tackmeter 
illustrated in Ftgurt 5 is used A whole slice of bread 
» placed under a brass disk 4 6 cm diam which is 
prosed into it fay a screw clamp to expel the air from 
it, the top of the disk being attached by gut to one 
arm of a pivoted beam After leaving for two minutes 
the clamp is removed A weight n then moved along 
the other arm of the beam until the disk is pulled 
away from the bread The force required for this is 
read from graduations on the beam and is a measure 
of gumminess Instruments similar in principle are 
used m other industries * g for printing inks, but this 
type of instrument has not been used previously for 
bread 

In the case of the two latter instruments the 
accuracy obtainable n more than sufficient for the 
purpose The toughness vanes between samples from 
the same loaf as well as between loaves and this limits 
the accuracy with which it is useful to specify the 
factor for a particular loaf The standard deviation 
between slices of a loaf was ao gm for an average 
value of toughness of 903 gm m a particular expen- 
ment It is therefore only useful to specify the tough¬ 
ness figure to the nearest 10 or 90 gm and this 11 easily 
obtainable 

Similarly, for gumnunen a standard deviation of 
190 gm between slices with an average figure of 
9,660 gm was obtained in a particular experiment 
It is thus only useful to record the gummwess figure 
to the nearest too or aoo gm and this also is easily 
arranged 

USB OP THE INSTRUMENTS 

At present these instruments are being used to find 
the effect on the resultant bread of altering any single 
variably either processing or ingredients Some 
variables are found to have little effect by themselves, 
but there are so many variations pomble that there 
may be a cumulative effect if quite small facton are 
Opt watched carefully Abo, a slight change m the 
flour quality *lten its properties considerably, so 
that the mam ingredient is chinyng all the time, 
■emetiTwy very drastically Themnount of water 



MM£U 

taken by the flour, it* watt r absorption, changes with 
rach sample lhe correct quantity of water u deter¬ 
mined by a water absorption meter* which aims at 
bringing the elasticity of a mature dough to a con¬ 
stant value 

For each test, in order to keep all the factors as 
constant as possible, a standard baking procedure 11 
used Uung the banc formula and procedure, a 
batch of six fourtc en ox (c 400 gm) turned loaves u 
prepared With a single modification, another batch 
of six loaves is prepared at the same tune These 
are tooled and stored under constant conditions for 
approximately «4 hr Hie batches are then weighed 
and volume determinations an earned out on four 
loaves Irom each batch Three loaves irom each 
batch are then tested for firmness, toiighnen and 
gummwess, the remaining three being wrapped in 
moisture-proof cellophane, and stored at a constant 
temperature until five days old, when they are tested 

It is found that when the loaves are first baked 
their properties are changing rapidly and the bread 
is so soft that testing is very difficult After 04 hr, 
testing is easier and also firmness has settled down 
to a constant rate of increase which n maintained 
for many days The changes in the properties, 
measured after five days, indicate the progress of 
staling Thu is an important factor, but one which 
is not easily assessed In addition to the physical 
properties measured in these tests, staling is indicated 
by such facton as mastication, erumbhneu, condition 
of crust tie as well as flavour In practice, however, 
it is found most useful to have an accurate, objective 
measurement of the increase in firmness It is found 
that this property can be reduced by the addition 
of certain ingredients 1 g compound cooking fat, 
glyceryl monostearate, polyoxyethylene mono- 
stearate* He and the effect of these and other in¬ 
gredients have been and are being extensively studied. 

To find the effect of each variable on the properties 
of the refilltant bread u the best way of maintaining 
and improving its quality The relative importance 
ofe|ch variable can be established although its effect 
wiUvary somewhat from one flour to another Tbk 
shows where the most carefiil control is needed in 
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the processing and enables the effect of improving 
ingredients to be compared These results translated 
into simple practical instructions can then be made 
use of by the baker to improve hu product. 
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Miscellaneous Notes 


RUTHERFORD MEMORIAL FUND 

The Council of the Royal Society appeals for financial 
support for the creation of a suitable memorial to 
that great figure in twentieth century science, the 
late Lord Rutherford of Nelson 

A special committee set up by the Council of the 
Royal Society has for some tune considered the most 
suitable memorial, and it is thought desirable that 
this should take two forms 

/ Rutherford Scholarships tenable for three yean, 
to be awarded to post-graduate students within the 
British Commonwealth, for research in the natural 
sciences with a p re fe re n ce for experimental physics 
A scholar will normally be required to carry out his 
research in an Institution in some part of the British 
Commonwealth other than that in which he 
graduated 

s A Rutherford Memorial Lecture to be delivered 
at intervals at selected university centres in the 
British Commonwealth overseas, at least one in three 
to be given in New Zealand 

It is proposed also to arrange for the collection, 
arrangement and binding of copies of Rutherford's 
correspondence, and its preservation in safe custody 
for future reference 

For these purposes a substantial endowment fond 
will be needed, and it is hoped that thin appeal will 
meet with a generous response Contributions may 
be sent to the Rutherford Memorial Committee, The 
Royal Society, Burlington House, London, W 1 , or 
contributions from the United Kingdom may be 
made by covenant over seven yean 

DEPARTMENT OF BCIFNTIFIO AND 
INDUSTRIAL RFSEAROH 

Joint Ftn Research Organization — The Report for 1949 
has recently been published 

Some proftrt» has been made in' studies of the 
growth of ftae in buildings by means of laboratory 


scale experiments was earned out w which the per-' 
form&nce of certain types of construction m the 
standard test furnaces was compared with their 
behaviour under practical fire conditions in houses 
Testa in the furnaces were followed by full scale tests 
in a mock living room complete with rough furniture 
The tune of failure in the actual fire was similar to 
that of the furnace tests* Further tests were earned 
out with pre-stressed concrete and with steel beams 
protected by gypmim products The laboratory study 
of the hazard of the ignition of structural material 
by flue-pipes was continued The lower part of a 
flue may reach a temperature of nearly i,50o°F 
(c 8ao°C) under certain conditions when a double 
stove u in use The temperatures reached on the 
surface of wooden panels near the flue, with and 
without a protective covering of asbestos, have been 
measured and safe distances for use of combustible 
structural materials determined 

An electrical machine was made which will indicate 
the rise in temperature throughout various types of 
structure when the face of the specimen is heated 
according to the standard tone/te m perature curve 
The machine enables a considerable saving in time 
during experimental work 

A comparative study of foam compounds was made 
on fires in petrol and certain industrial solvents, 
such as industrial methylated (pint The rate of 
destruction of hydrolysed proton foams on alcohol 
fires was too rapid to be overcome by a reasonable 
increase m the rate of delivery Certain types of 
chemical foam were most satis&ctory 

INTER-SERVICE METALLURGICAL RESEARCH 

Stadarduntum qf sues qf tabu made from spend nfm* 
torus —The Sintered Oxides Sub-Committee has 
held discussions with manufacturers with the aim of 
improving the supply of tubes of special refractory. 
Delay in the delivery of these items arises mainly 
from the large number of different sixes which are 
d em a nded by , the users, making it difficult for the 


experiments with small models 


A senes of large mamtfkcUfren to maintain Stocks. 
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It ha* now been agreed to concentrate on produc¬ 
tion of a range of tixei which are to be regarded as 
standard henceforward The sixes adopted have 
been chosen after careful consideration of the demand 
for tubes in recent years, and it is hoped that they 
will fulfil the requirements of most users The manu¬ 
facturers have undertaken to maintain stocks of the 
standard iixes v so that orders may be met from articles 
in stock The success of this attempt to provide 
better supplies qf tubes will depend of course on the 
wholehearted cooperation of the users In .particular, 
those employing large numbers of tubes are asked 
to standardise their sices at the earliest possible 
moment and those designing new apparatus are 
asked to use standard sizes wherever possible Pro¬ 
duction of the standard items will commence im¬ 
mediately Non-standard tubes will be obtainable, 
but their delivery may sail be subject to delay 

Tube standardization details are as follow 

/ The materials involved are a impervious alumina 
and b impervious mulhte for use at temperatures up 
to i,70o°C The descriptions of the two classes of 
special refractory are those agreed by the manufac¬ 
turers, who will provide details of the p r operties of 
their products on request 

a The cross sections of the standard sizes are 

Int diam (mm) 5 10 15 95 40 50 65 73 

Wall thickness 

(mm) 1380233040435055 

All tolerances will be as stated by the individual 
manufacturers Metric sizes are adopted m view of 
the present trend in that direction and because many 
special refractory tubes are used in research, where 
the metric system is usual 

3 All standard tubes will be available m lengths 
up to goo mm with both ends open, and also with 
one end open and the other hemuphencally closed 


Th er mo coup le ptsvtator — While dealing with tube 
standardization the opportunity has been taken to 
introduce a standard cron section of impervious 
alumina twin-bore thermocouple insulator It will 
have oval section, with 3 5 mm mjgor and a o mm 
minor axes, 1 mm bora, 1 5 mm between c en tra 

NATIONAL RESEARCH COUNCIL OF CANADA 

Applied Chemistry Branch — 1 he organic synthesis sec¬ 
tion now consists of two groups, engaged respectively 
on 1 chemistry of ethylene oxide, and ti preparation 
of organic compounds containing stable or radio¬ 
active isotopes 

Interest in the first subject arose from the con¬ 
siderable amount of work done on the catalytic 
oxidation of ethylene Reactions of ethylene oxide 
with water, halogens, and amines are being studied 
The mam object is to determine the mechanism of 
these reactions and their reaction rate constants An 
improved analytical method for the quantitative 
estimation of ethylene oxide has been developed. 
The programme is being extended to include a study 
of the organic cyclic oxides 

In some instances of the work done by the second 
group, new methods of synthesis have been developed 
to obtain the labelled compounds required Some 
of these special chemicals have been used in nutrition 
experiment! at the Dominion Expen mental Farm, 
others, such as a senes of deutenum-labellcd com¬ 
pounds, for spectroscopic and other studies by NRC 
or university research teams 

1 

CORRECTION 

Page 307, line 24, R H column should read 
‘u not a naphthodioxane but bi-i,3-dioxa cycUh 

pentyl(a) • 
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Introductory Statistics 

M H QUINOUILLB 

(xu+stfpfi, iow by 6 m) 

• London Butterworth-Spnsger Ltd 301 
Dr Q,uenoville’s book places him m the small 
clan of those who have something new to say about 
familiar problems. Even his numerical examples 
hat£ a refreshing quality most of the data are used 
for the first tmwwas illustrations .qf statistical tech¬ 
nique i very few examples are merely statistical 
exer cis e* &at have no practical application, afid the 


Pouson distribution is illustrated without the aid of 
Prussian cavalry 

The nine chapters desenbe, concisely but clearly, 
the most important methods of statistical science, 
primarily with reference to biometry but also with 
mention of applications m the social sciences Most 
of each chapter n concerned with elementary appli¬ 
cations of statistical techniques, but supplementary 
sections show some of the theory and more advanced 
ideas A good introduction to analysis of variance 
and experimental design a given, though the reader 
will need further stud/ b efo re he ■ folly equipped 


563 






Research 3-12 


New Booh 


for planning hit own expenmenU The chapter on 
covmnance analysis u particularly valuable, in that 
it describes dearly methods often thought too diffi¬ 
cult for an elementary text Best of all, perhaps 
because it u concerned with an aspect of the subject 
in which Dr QpenouiUe u himself making notable 
advances, is the chapter on transformations Most 
writers and teachers slur over the logical and mathe¬ 
matical problems involved in the analysis of trans¬ 
formed data , this book provides the basis for a 
comprehensive discussion from which future students 
will benefit 

D J Finnby 

Vision and the Eye 

M H PIRENNE 

( xx+ifypp, loy illuSf 7i Ml by 5l in) 

London Chapman and Hall Ltd, 1949 1x1 6 d 
A number of books on vision has appeared recently 
and each has had its own special contribution to 
make to the subjet t Dr Pirenne has been especially 
associated with work on visual thresholds and par¬ 
ticularly with the effect which the quantum nature of 
light might ha\e on measurements of visual sensitivity 
by the threshold technique, and although this 
interest is reflected by three chapters devoted to the 
topic, the book a# a whole provides a more general 
survey of visual physiology 

The opening chapters deal with the structure of 
the eye and the retina, followed by chapters on the 
spectral sensitivity of the retinal receptors and on 
electrophyMology We then have the group of 
chapters on thresholds, another group on visual 
acuity, another on colour vision, with final chapters 
on binocular vision and on what might be termed 
the visual philosophy of the' author Among the 
numerous illustrations, those of the retinal mosaic, 
the retinal structure of animals and birds, and of 
the eyes of insects are especially instructive 

The subject of vision has become rather notorious 
for its acrimonious discussions, but these have very 
often had their origin in misunderstandings associated 
with the subjective nature of many visual experi¬ 
ments Pirenne Jias deliberately tried to avoid this 
treacherous ground, basing as much of his infor¬ 
mation as possible on objective physiological data— 
histology, elcctrophysiology and the like There is 
a great deal to commend this approach, so that when 
subjective phenomena do have to be interpreted, the 
physiological possibilities can be explored before 
relegating the effect to the psychological hinterland 

At the same time we have to recognize that the 
mind and consciousness are an integral part of the 
visual process and Pirenne’s final chapter is an 
acknowledgement of that fact Some readers may 


well feel that this chapter should mark the starting 
point for a book on vision rather than its end Each 
one to his own choice, but for those who wish to 
study the eye in the first place as a light-sensitive 
instrument, this book will prove a most interesting 
introduction 

W D Wright 

Ionization Chambers and Counters 
Experimental Techniques 
a b Rossi and h h staub 
(xuni+243 pp, illus, g m by 6 in) 

New York and London McGraw-Hill Book Go, Inc, 
1949 fa 25 or x95 64 net 

Counting Tubes . Theory and Applications 

s G CURRAN and J D CRAOOS 

(tifj ^78 pp, sit) illus, by 6 in) 

London Butterworths Scientific Publications, 1949 35/ 
New York Academic Pres Inc, 1949 
Two books have appeared dealing with the measure- * 
ment of radioactive radiations Unfortunately they 
were written just prior to the extensive development 
of scintillation counters for particle and high efficiency 
y-ray counting and pnor to the recent use of pro¬ 
portional counters by Curran and others for precise 
energy measurements of low energy x-rays and 
electrons In consequence these important develop¬ 
ments are dealt with only very briefly and the 
contents of the books concern mainly the use of 
Geigcr-MilUcr counters and ionization chambers 

The first book is one of the volumes in the United 
States National Nuclear Energy Series and 11 pub¬ 
lished under the auspices of the Atomic Energy 
Commission Both its authors were leading scien¬ 
tists at the Los Alamos laboratory during the war 
and the book may therefore be considered as an 
account of technical practice at the end of the war 
in the use of ionization chambers and counters The 
first four chapters of the book deal with basic physical 
principles After an introduction describing the 
behaviour of electrons and 10ns in gases, a description 
is giyen of the theoretical and experimental basis of 
ionization chamber operation first for a continuous 
source of ionization and secondly for individual 
events such as charged particle tracks where ion 
collection times have become a most important 
factor A further chapter disown the multiplication 
process in gases 

Of the remaining chapter of the book, one is 
devoted to Goger-Mtdler counters, and ionization 
chambers foe p-, y- and x-ray detection Three 
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chapters are devoted to ionization chambers for the 
detection of ot~parttclei, neutron recoils, and slow 
neutroni A final chapter gives much useful infor¬ 
mation on fusion detectors Experimentally deter¬ 
mined range/energy and absorption data are collected 
together in an appendix 

Qmnting Tubes u a book preoccupied mainly with 
the Geiger-Muller counter on which subject both its 
authors write with considerable authority The book 
contains introductory chapters on die elementary 
theory of ionization chambers and counters, the 
kinetic theory of the ionization processes in a gas 
and the subject of proportional counting Chaptc rs 
follow on the Geiger-Muller counter with simple gas 
filling and with a quench gas filling A discussion 
u given of the efficiency of counters for particle 
detection, counter resolving time and the use of 
counters in coincidence techniques The electrical 
circuits associated with Geiger-Muller counters re¬ 
ceive detailed treatment The remaining chapters 
of the book are devoted to a discussion of the uses 
of these counters for cosmic ray and nuclear physics 
research and for technical applications of radiations 
such as radioactive tracer studies Brief reference is 
made to scintillation, crystal and ipark counters 

The book by Rossi and Staub is primarily a 
teaching manual and contains hardly any references 
Curran and Craugb, on the other hand, have 
included a most comprehensive bibliography and 
their book is mainly for the research stude nt who is 
a counter specialist, though it has much of interest 
to the general reader 

J V Dun worth 

The Elements of Genetics ^ 

0 D DARLINGTON and K MATHER 

(446pp, 38 tUus, ji iaklu, 8}UI by 5Jib) 
London George Allen and Unwin Ltd, 1949 ay net 

The joint authors of this book have made it their 
task to place genetics at the corner stone of the 
biological sciences While the conception has great 
merit, the execution is not a success To their 
respective fields, of chro m osome cytology and the 
statistical analysis of genetical data, G D Darling¬ 
ton and K Mather have both made extensive and 
valuable contributions the parts of the book dealing 
with these two aspects of genetics are handled by 
craftsmen who thoroughly understand their trades 

Where other aspects of genetics are considered and 
more aptaaDy yhere other saeqees are drawn into 
the picture the treatment is slipshod, unprecue and 
sometimes incorrect 


The book is frankly speculative, as its authors state 
in the preface Speculation may be valuable and 
stimulating it is so only when recognizable as such 
A major criticism of this book u that the same 
language u used for statements of proven fact as for 
speculation The book abounds in ex cathedra state¬ 
ments of which two examples may be mentioned for 
illustration The loss of sight in cave animals u 
stated to be a correlated response to selection for 
other characters such as sense of touch Thu may well 
be true, but experimental evidence u entirely lacking 
It is stated that dcsoxynbosc nucleic acid u converted 
to nbose nucleic acid dunng the transformation of 
telophase nuclt 1 to the ‘ resting * condition Again 
this may be true, but no biochemist would dare to 
state it d* provtn fact 

lhe title of the book might be liken to have one 
of two meanings It might either be a textbook of 
genetics aiming to provide the student with an 
authoritative account of the subject, or it might be 
a more spci id h zed treatise on the theory of the gene 
in biology comparable in importance and position 
to the atomic theory 111 physics It must be stated 
regretiully that this book falls far short of fulfilling 
either function 

H G Gallan 

Electron Mu roscopy Technique and ^ 
Applications 

r w o WYOKOFP 

(x | 14B pp t 302 tllus, gtn by 6 tn) 

New York Inttranncc Publishers, Inr , 1949 $500 

London Intrrstitiue Publishers, Ltd, 1949 40* 

In the two decades since it was invented several 
books about the electron microscope have appeared, 
dealing principally with its underlying principles and 
the technical details of its construction Dr Wyokofp 
has now written the first book that begins to do 
justice to its applications He sets out to describe 
the uses to which the instrument may be put in his 
own field of work, which coven a large part of the 
no-manVland that is beginning to be recognized as 
biophysics Having been one of the first scientists 
m America to use it as a research tool, and having 
had many yean of prior experience in applying 
other physical methods to biological problems, he is 
one of the two or three best qualified to asea its 
achievements Although the illustrations are drawn 
entirely from hu own laboratory, he surveys generally 
the work done m each of his particular spheres of 
interest, and succeeds admirably in hu aim Anyone 
who wishes to understand what light die electron 
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microtcope can throw on the morphology of bacteria 
and viruses* the macromolecular structure of fibrous 
tissues, or on the nature of macromolecules them¬ 
selves, will find here as concise an account as could 
be desired 

The work must be judged for wha£ it sets out to 
be, from a wider standpoint it has the deficiencies 
which are the inevitable counterpart of the men to 
of a penonal document Writing duectly out of his 
own experience,'the author has complete mastery 
of his material and achieves a clarity and simplicity 
of style which might well serve as a model ol scientific 
exposition. At the same time it is natural that he 
should have developed principally those techniques 
of microscopy which were most useful in his immediate 
problems of research, to the neglect of others Tor 
instance, the detailed procedures for shadovwng 
specimens with heavy metals, in order to increase 
the contrast in their image, are very fully desmbed 
—as would be expected, since Dr Wyckoff wai chiefly 
responsible for introducing them into electron and 
optical microscopy But there 15 no discussion of the 
limitations of the shadowing method nor of its possible 
dangers in uncritical use, nor of the place of un¬ 
shadowed micrographs Indeed, every micrograph 
reproduced is of shadowed materials, and the un¬ 
initiated will be unable to judge the contrast and 
resolution obtainable from unshadowed specimens 
The question is particularly important where routine 
examinations have to be made and the time spent 
in shadowing would unduly lengthen the work, whilst 
perfectly satisfactory results could be obtained with 
unshadowed surface replicas Hi is is especially true 
in metallurgical applications, which receive little 
notice here Similarly the technical hints on operation 
relate only to the R C A machines, without giving 
the fundamental principles which would allow them 
to be applied to any other type of microscope having 
different control mechanisms In short, the book 
gives a restricted account of specimen techniques 
and a number of valuable hints, drawn from hard 
experience, on the operation of the electron micro 
scope. It is not, and does not pretend to be, a 
comprehensive manual of the preparative and 
instrumental techniques of the subject 

It will, therefore, be primarily of value to those 
who already have some acquaintance with one side 
or another of the subject to the operator who wants 
to know how to improve ha methods of aligning the 
microscope or of shadow-casting specimens, for 
example, or to the biologist or medical man who 
seeks an authoritative estimate of the capabilities and 
limitations of the new instrument Its value to the 
latter a greatly enhanced by the numerous plates 
and by the very Adi bibliographies of original papen 
which are classified by subject and appended to 


each chapter To the non-biologist, the later chapters 
on the investigation of the formation of fibrous 
matter from globular molecular units, and of the 
nature and crystalline form of the plant viruses, will 
probably be of greatest interest They give a fas¬ 
cinating picture of the advance from the molecular 
sale towards a better understanding of living procenes 
In addition, there are introductory chapters out¬ 
lining the principles of the electron microscope and 
the construction of the models commercially avail¬ 
able, with some discussion of their relative merits, 
which will be valuable especially to the nan- 
physicist new to the subject The book, as might be 
expected, is finely produced as well as excellently 
written, the reproductions of micrographs being of 
very high quality They will come as a revelation 
to many who have not been aware of recent develop¬ 
ments in the technique of electron microscopy 

V £• Con LETT 

Surface Active Agents Their Chemistry 
and Technology 

A U SCHWARTZ and J W. PERRY 

(xi+579 pp, soilius , 9 m by 6 in) 

New York Intcrsoence, 1949 $1000 

London Intersaenre, 1949 6or 

The book a divided into three parts, the first, 
consisting of processes for synthesizing and manu¬ 
facturing surfhcc agents, constitutes approximately 
half the book , the other two parts arc given over 
equally to the physical chemistry of surface active 
agents in theory and practice, and the practical 
applications of surface active agents 

In the very nature of things, to give justice to 
these fields of knowledge m one book is an impos¬ 
sibility But whereas many attempts have been 
made to produce textbooks for the Utter two sections 
of this book, there is, to the reviewer’s knowledge, 
no comprehensive publication on the organic 
chemistry of surface active agents available to the 
world Consequently, the first half will be a very 
valuable and essential contribution to scientific 
literature This section, on the processes for 
synthesizing and i manufacturing surface active 
agents, is excellent ; is difficult to find an agent 
however obscure which is not mentioned in dettil 
The authors have managed to produce older in a 
field of science which industry has intentionally 
kept vague and extremely puzzling by using a 
variety of baffling trade names The many different 
compounds made for certain purposes have VtsuaUy 
proved very valuable m fields quite different from 
those for which they were orumaUy Intended It 
has been difficult to find oot from die trade name, 
the chemistry of the main compound and that of 
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the additives, together with their relative proportions. 
This has sow been made much easier *hd clearer 
by this section of the book 

Besides sections on the more standard surface 
agents, there are interesting chapters on little known 
commodities such as non-ionic and ampholytic 
surface active agents, organic and inorganic builders 
and mixtures *U The patent reference literature is 
very comprehensive 

The rest of the book would be useful to a student 
requiring a general knowledge of the physical 
chemistry and applied field* of surface active agents 
but would not be very useful to a specialist For 
hun indeed the first half of this book, with perhaps 
a section on ‘ Relationship of surface at tivity to 
chemical constitution \ would be really indispensable 

J H SCHIXMAN 

Two Lectures 

I Present Situation in the Theory of Elementary 
Particles 

II Electron Theory of Superconductivity 

W HEUFNBBRO 

(Sapp, 3 Mu, 7l« 5«) 

Cambridge University Pros, 1949 3J 6 d net 
These two lectures, which were delivered at the 
Cavendish Laboratory m December 1947, deal with 
two fundamental problems m theoretical physics In 
the tint the theory of elementary particles u ducuaed 
The divergencies which arise in ordinary relativistic 
quantum theory at the closest distances between 
interacting particles are, in Heisenberg's view, not 
unexpected (§1) since a satisfactory theory of 
elementary particles must contain ai fundamental 
constants not only A and c but also a length / 
(«* 10-” cm), as the mass of a particle cannot be 
derived from h and c alone (§aa) During the course 
of the lecture the idea of a primary Hamiltonian 
which takes intb account all elementary particles 
simultaneously is developed (§§ ab, ac, 3a and 3b) 
and finally rejected (§§ 3c and 3d) xn favour of the 
S-matnx method The only obvious analogy with 
Born's more recent apprpach u that all particles are 
to be treated by a uniform method. As regards the 
rest mattes of the elementary particles nothing as 
definite as Bosn and Rodriguez's results has been 
obtained and there is nothing m Heisenberg's 
approach which might correspond to Porn’i prin¬ 
ciple of reciprocity. 

In the second lecture, Heisenberg bases his dxt- 
on a condensation phenomenon which, he 
, occurs hi a dun layer at the suhhee of the 
Fenu sphere in virtue of the Coulomb interactions 
b e t we en the electrons, Since the etectrons have the 


same velocities but different directions at the Fermi 
ourihee, the electrons near this surfhee can f orm 
spontaneously dosed current circuits The currents 
can be ordered by an dcctnc or magnetic field and 
a total current results In these ideas, and the ex¬ 
planation of the Meissner effect, Heisenberg follows 
the previous work of Kronio, Sqmmertelp and 
Beths, and of F and H London A magnetic Add 
u considered to produce currents only through the 
Meissner effect and destroys superconductivity in this 
way Some assumptions of the theory can be criti¬ 
cized, and its basis differs entirely from the theory 
of Born and Cheno which is based on a correlation 
between superconductivity and lattice structure 

Thu book should obviously be read by all specialists, 
but it will be of great interest also to those non- 
spec mbits who desire to follow for themselves the 
hard but exciting process of searching for new 
theories and greater understanding 

P T Landshero 

Die Technischcn Grundlagen der 
kinematischen Zellfdrschung 

Vorschlagc fur erne cxakte witscnschafiliche Mikro- 
(uuematographie 

W KUHL 

(wn+jtfj#, 571 Hus, 9} tn by 5 J ») 

Berlin Spnnger-Vcrlag, 1949 DM 26 00 
The subject of thu book u the use of the cinema 
camera to record the change and movement of living 
cells and organisms In thu branch of biological 
research Professor Kuhl is a distinguished figure. 
At Frankfurt am Mam for the past fifteen years be 
has used cinematophotography for thu purpose m 
the Institute which he founded and has since directed 
His studies arc mainly cmbryological, and include 
investigations on the development of the sea-urchin, 
and other marine invertebrates , and on the cleavage 
of Amphibian and Mammalian ova 

The apparatus and techniques which Professor 
Kuhl uses are described, as also are the methods 
which he has developed for analysing hu film 
material, which the author rightly regards of great 
importance For Professor Kuhl, it is not enough to 
produce an elegant film of a living proce* , the real 
purpose of such records of biological events u to 
serve as research material from which quantitative 
data can be extracted rhus he has used hu films 
to measure, the velocity of wandering ceQs, and the 
rate of (bhaition of the fertilization membrane of 
sea-urchin egg.\, 

Pro fe ssor Kuhl r estr ict s hu description to the tech¬ 
niques which he himselfwes at Frankfurt, ft appears 
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that the 35 mm gauge of film is used exclusively , 
the apparatus is elaborate and must have been ex¬ 
tremely costly A biologist, on reading this book 
and contemplating the use of cinema techniques, 
might well be discouraged by the formidable nature 
of the machinery involved He might thus overlook 
the fact that adequate results can be obtained on 
sub-standard film with much simpler apparatus’' It 
is even true to say that the 16 mm gauge has certain 
advantages exclusive of economic considerations 

The value of this book would have been greater 
if Professor Kuhl had not concentrated so largely on 
technique but had given space to illustrate more of 
his results His work is not well known outside 
Germany, and ai far as the reviewci u aware his 
films have never been shown in thn country The 
various hindrances to the international distribution 
of scientific films are not yet surmounted and it is 
highly desirable that such films as those of Professor 
Kuhl should become accessible 

Meanwhile, it would be greatly appreciated if 
Professor Kuhl could favour us with a further review 
on the general subject of the results which he has 
obtained 

A Hughes 


Excited States of Nuclei 

1 DEVONS 

(x+t&pp, 37 tllus 81 mi by 5 ] tn) 
Cambridge University Prcn, 1949 121b*/net 
Da Devons lias written a very competent and in¬ 
teresting monograph about the excited states of 
nuclei For this reason he deserves the gratitude of 
all those who work in the field of nuclear disinte¬ 
grations 

For most experimental physicists, theoretical 
papers present, in their usual formalism, a con¬ 
siderable potential wall to be overcome only by a 
very concentrated effort on the part of the readers 
One is therefore impressed when a practical physicist 
writing a book reveals such an extensive digestion 
of most of the theoretical papen in this field It is 
in thn close connection of theoretical interpretation 
of the experimental observations that the chief merit 
of this monograph is found 

The book opens with an introduction dealing with 
the stationary states as the eigenvalues belonging to 
a Hamiltonian operator operating on functions 
subject to the boundary conditions required by the 
physical problems, taking into account degeneracy 
and the fact that they are pseudo-stationary All 
this a done in a lucid descriptive way Thu u 
followed by an account of the excited states below 
the dwoaatipn limit of the lowest bound particle 


It comprises such items as excitation of these states 
by protons, neutrons, oc-parttcles, deuterons, and the 
information obtained from the study of the a and 
P activity of rad 10-isotopes The experimental 
methods are described briefly and the results in 
specific cases related to theory 

Chapter 3 deals with the excited virtual states, 
paying particular attention to the resonance pro¬ 
cesses Hero will be found much of the work on 
thermal and epi-thermal neutrons, such as mechanical 
and electrical velocity selectors, time-of-flight methods 
and crystal spectrometers for neutrons Thu u 
followed by a discussion of the resonance effects of 
fhst particle disintegrations 

The optical transitions between states, form the 
contents of Chapter 4 The determination of the 
emitted quantum energy and the measurement of 
intensity are discussed in detail The clear state¬ 
ments ai to how one obtains information about the 
type of transition (magnetic and electric multi¬ 
polarity) are particularly valuable 

The last chapter entitled * Nuclear Spectra and 
their Interpretation' sets out the various models 
used which one has to consider in view of the in¬ 
solubility of the many-body problems of mechanics 

On the whole the book seems remarkably complete 
However, one wonden why the A 1 state of deuterium 
has been left out of the discussion Since the dcuteron 
plays, in some respects, a similar role in nuclear 
physics to that of the hydrogen atom in atomic 
physics, it would seem natural to deal with the large 
scattering cross section of thermal neutrons by hydro¬ 
gen and refer to its explanation 

It u an arguable question, whether one should 
expect to find a simple derivation of the Breit- 
Wigner relation in such a book as this After all, one 
discusses the techniques to obtain certain experi¬ 
mental data , should one not, therefore, be shown 
the path which leads to one of the most important 
formulae in the field under consideration However, 
as the reviewer is not acquainted with a simple and 
satisfactorily transparent derivation of the Breit- 
Wigner formula he does not wish to throw stones 

In some respects the title is misleading as one 
anticipates, in a book on excited states, a collection 
of charts and nuclear levels such as one finc^s in 
similar works on the electronic state of the atom. 
Fortunately, this side of the field has been admirably 
covered by the articles from members of Professor 
Lauriton’s laboratory at the California Institute of 
Technology tn Pasadena and published in the 
Rmvuw qf Modem Pfydcs Both accounts supplement 
each other and should be read side by side 

£. Baanosout 
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A Study of Slow Self-propagating Reactions m Solids 

R. A W HILL, B Sc , M A , L E SUTTON, M A , D Phil, FRS, R B TEMPLE, B A, B Sc 

and (in part) A WHITE, BA 

The self-propagation of slow reactions in mixtures of oxidizing and reducing agents has been 
studied by recording the temperature changes as the reaction front passes a point The results 
have been used r to investigate the stoichiometiy of the reactions j to test the Mallard-Le C hotelier 
theory of propagation by thermal conduction 3 to obtain rates and activation energies for the 
burning reaction This theory appears to be essentially correct, though somewhat inadequate 

in Us simple form 


This paper concerns work carried out for the 
Ministry of Supply with the object of gaining more 
insight into the factors which determine the linear 
rate of propagation of the reaction front in a com¬ 
pressed mixture of an oxidizing agent and a reducing 
agent, and into the fundamental processes of such 
reactions 

Previous work on the effects of the more obvious 
variables showed that the rate is a a function of 
composition, usually exhibiting a maximum b pro¬ 
portional to the initial temperature c dependent upon 
the pelleting pressure, the mass of material reacting 
per second being constant d inversely proportional 
to particle size, being roughly proportional to the 
area of contact * increased by increase of thermal 
conductivity of the mass 

Spice and Staveley 1 have reported work on the 
very slow reactions which proceed at temperatures 
just below the ignition temperature in iron/banum 
peroxide and in iron/potawum dichromate pellets , 
and also on the relationship between heat evolution 
and rate of propagation They concluded that 

t the pre-ignition reactions involve the non-gaseous 
diffusion of the oxidizing agent, as atoms or ions 

u for the former system the pre-ignition and the 
burning reactions are probably quite different, though 
for the latter they may be more alike 

tn the maximum in rate of propagation usually 
occurs at a higher weight percentage of reducing 
agent than that for the maximum beat evolution per 
gram, sometimes at the same one but never at a 
lower one They attributed this to the stifling of the 
reaction by the film of product formed on the par¬ 
ticles of reducing agent 

w in some systems the combustion reaction is essen¬ 
tially the same over the whole range of composition 

wh&e in others then u a senes ofdifferent reactions 

* 

A further conclusion can be drawq by placing the 
coodiang agents m order / of maximum rate of 


propagation 2 of maximum heat evolution with a 
given reducing agent, 3 of decomposition tempera¬ 
ture There proves to be a better correlation between 
maximum rate and di composition temperature than 
between maximum rate and maximum heat evolution 

Mallard and I f Chateher 1 treated the move¬ 
ment of flames in gaseous mixtures on the assump¬ 
tion that the reaction is propagated purely by the 
forward conduction of heat Such a theory could 
explain qualitatively the features mentioned above 
for the rate of propagation of reaction in wild mix¬ 
tures In this paper it has been tested quantitatively, 
using an experimental method which 11 new m this 
context viz the recording of temperature changes as 
the reaction zone passes a point 

To derive an expression for the rate of propagation 
(if Lewis and von Elbe 1 ) it is necessary to integrate 
an equation which expresses the balance, m a thin 
section, of heat generated by reaction, heat gam or 
loss by conduction, and heat loss by material move¬ 
ment relative to the reaction rone (see Figure s) 

<■> 

where V is the rate of propagation, * the linear co¬ 
ordinate, q the heat of reaction per gram, d the 
density of die unburnt material, e the fraction reacted 
of the component not in excess, k the thermal con¬ 
ductivity, T the temperature, and c the specific heat 
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of the unburnt material Putting in obvious boundary 
conditions, we get 

Vgde + k^- Vdc{T— T % ) - 0 (a) 

T % being the initial temperature This equation can 
be solved only if one of the following particular 
assumptions are made—that T is a known function 
of x, that t u a known function of x, or that di/dt 
(t being tune) it a known function of e and T The 
last procedure has been followed by Bell 4 , assuming 
zero or first order reaction kinetics, and by Boys and 
Corner* assuming fint or second order kinetics For 
first order reactions (setting de/dt ** B(\ — e) exp 
— A/RT) it can be proved that 

<- AIRT *}l{—ifr T - ~ *} 

( 3 ) 

where T t u the final temperature, A is the activation 
energy, and B is another parameter Earlier, leas 
general treatments are based on the assumption 
that there is an ignition temperature T x below 
which dr/d / and e are negligible, when equation 2 
gives 



wherein T' u any temperature below T x Also, since 
V~dx/dt 



Mallard and Le Chatrlicr made the further assump¬ 
tion that 

dr ra (r 1 -r J ) ,. 

dx Ax w 

where T x is the maximum temperature and lx 11 
the width of the reaction zone, when equations 3a 
and 3b become 


measured, xt could be tested through the more precise 
equations 3a and 3b. 

If a record of T as a function oft can be obtained 
it u obvious that values of T% and of dT/di would be 
available , and the other quantities could be measured 
independently 

From such a record it is also possible to obtain 
a measure of reaction rate which 11 more precise 
than the quantity i/dt of equation 5b From equation 
1 it follows that if the Tjx curve 9 sigmoid and has 
a point of inflection (d , Tydjf l =■= o) at T,/., then 



( 6 ) 

if e u independent of temperature 


Temperature/time records have a further use, 
since they give values for final tempe ra tures , for 
from the variation of these with composition some 
elucidation of the chemical nature of the burning 
reaction may be possible 

EXPERIMENTAL 

Sy&mi investigated — These were chosen from those 
examined by the research group as a whole (see 
Spice and Staveley 1 ) They were iron/banum 
peroxide, iron/potassium dichromate, sulphur/barium 
peroxide, iron/potassium permanganate, molyb- 
denum/banum pertixide and molybdenum/potaasium 
permanganate, of which the last three were lets com¬ 
pletely investigated than the others No binder w«s 
employed in pelleting Choice was restricted by such 
difficulties as the very high temperature and chemical 
reactivity of some of the slags 



where At 9 the mean reaction time, or 4 tunc width ’ 
of the reaction zone 

These exprasums show that V 9 a function of T t , 
of thermal conductivity k % and of some parameters 
expressing reactivity (B and A, or T x and Ax or Jr) 
T % in turn 9 related to the beat of foaction q and 
the specific heat c Hence, if T* k, T x and Ax or 
At could be determined the validity of this theory 
for solid mixtures could be roughly tested through 
equations J>a or 3b , while if dT/dx or dTjdt could be 


From these mixtures the rruyor products are iton- 
gaseous, but some flame commonly accompanies the 
reaction 

The lulphur/banum peroxide mixture was found 
to undergo two (hstinct self-propagating reactions— 
one a slow, low temperature reaction, the other a 
fast, high temperature one—which, over a certain 
range of composition, could be separately initiated 
and i n ves ti gated # 

Thermal mmdmg — Temperature was measured w tfa a 
pUtunnn/ptatmuin-13% rhodium (40 SWO) thermo¬ 
couple embedded in a pellet of fin diam A special 
mould was used, with opposite longitudinal skits wide 
enough to take the couple wirtl but narrow enough to 
contain the loo s e com pos i tion , so that pftfy oompreendn 
thepawt, with couple embedded, could be extruded M 
a unit The couple was protected by being covered with 
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calcium fluonde, applied by dipping it into an aqueous 
summon of the powder, drying, and then heating to dull 
redoes in a flame 

The thermal EMF was amplified and applied to a 
cathode ray tube, the spot bong photographed by a drum 
chmcra Tuning mans were made on the re co rd itself 
by iqjcctmg sharp EMF pulses at appropriate intervals 
On each record a calibration mark was made by u^ecting 
into the amplifier a known EMF, roughly two thuds of 
the wanm^ expec te d, immediately before each run 

Temperatures up to about i,37o°C could be recorded 

Precision and nprodsribikfy — The results show a con¬ 
siderable scatter, due largely it is thought to the 
difficulty of preparing identical and uniform pellets 
despite the facts that one sample of each substance 
was used for each senes of measurements and the 
pellets were compressed from both ends During 
burning, moreover, cracking can occur unpredictably 
and lrreproducibly, probably because expansion of 
the material sets up shearing strains, and this causes 
irregulanty 

The values reported for V, T» and t are arith¬ 
metical means of between two and nine results, usually 
of three or four Slopes dT/dt were obtained from 
average graphs made as follows All the- records for 
a given composition were first made to coincide at 
the point, designated zero time, at which they had 
separately reached one half of the final EMF Arith¬ 
metical means of the EMFs at convenient positive 
and negative times were then evaluated and plotted 
to give mean temperature/time curves from which, 
knowing V t mean temperature/distance curves could 
also be derived 

Typical figures are quoted in 7 obits I and // to 
llhntnUe the reliability of the quoted results Tablt II 
indicates the general reproducibility of the tem¬ 
perature records The figures are ordinates propor¬ 
tional to the thermo-EMF’s at the tunes indicated 
and are roughly proportional to the temperature rue 



the theoretical treatment given previouily ununei 
that no boat a fcoat to the cumHuvuhgl It wa* found 
tbit for petted of Jin dum th» cooditwc wu ntb- 
/Sedj becrafo farther iscreue in diameter did not 


TabU II Fe/BaO, (30 par cat worn) 
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increase V , and because the thermographs showed 
that the final temperature stayed sensibly constant 
for times large compared with At Pact Spice and 
Staveley, therefore, we believe heat loss in such pellets 
to be unimportant in our work 


Propagation ratts —These were determined as des¬ 
cribed by Spice and Staveley 1 

fgmtum temperature* —Attempts to measure these were 
made in two way» a Pieces of compreaed mixture were 
dropped into a not tubp, and the temperature at which 
half of them ignited was taken as the ignition temperature 
The results depended upon the sue of the lumps, and 
some were anomalous m that ignition sometimes occurred 
for compositions m which the reaction would not normally 
propagate b The fiat end of a c om pre ae d pellet, 1 m 
chain, as used for propagation rate measurements, was 
brought smartly against the face of a heated steel block, 
and the lowest temperature required to ensure propaga¬ 
tion was taken to be the ignition temperature Ibis 
method did not give the second anomaly noted for the 
previous one 

Thermal condmctanhts —These were measured, for iron 
barium peroxide mixtures only, with a double Lees disk 
apparatus*, using special pellets 1 3 in diam and about 
o 23 in thick The apparatus v*as calibrated with silica 
disks 


Densities — rhese were obtained by measuring and 
weighing the pellets They are tabulated in TabUs IV 
and V together with the proportion by volume of air to 
which they correspond 


Analysis qf slags —Both chemical and x-ray powder 
photograph methods were used to determine the nature 
of the reaction products 


RESULTS AMD DISCUSSION 

Tht churned nature qf tht burmng rtactwns— If the 
burning reaction were a simple one, and if also the 
specific heats of reactants a n d products were equal 
and independent of temperature, the shape of the 
Ti/composmon curve should be as m Figure s, with 
a sharp peak at the stoichiometric point and a linear 
foil 'either side. Of the six systema investigated four 
show maxima and two do not (see Figure 5 die stow 
sulphpr/banum peroxide reaction u not comparable, 
because the range over which it can be investigated 
is too short) As would be expected* this behaviour 
» qualitatively the same 1 as, that of the heats, q , 
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moreover, within the limiu of experimental error, 
the four maxima in Figure 3 occur at the same com¬ 
positions as those in the heat curves 

A better test for a simple reaction 1 , 11 to see 
whether {£, the heat of reaction per mol of oxidising 
agent, stays constant after a certain composition has 
been reached If it docs, the reaction is simple And 
the pouit is the stoichiometric point if it does not, 
* then probably a senes of reaction* is involved 

Combining, so far as powble, such thermal 
evidence with the analytical evidence, the following 
conclusions are reached For molybdenum/banura 
peroxide and sulphur/banum peroxide (fast) the 
reaction! probably are 

X *f JBaO,-* 2BaO + BaXO« 


For mm/potaasium permanganate and molybdenum/ 
potamum permanganate systems, Q, variations indi¬ 
cate stoichiometric points at 40 per cent and 30 per 
cent of reducing agent respectively the T% maximum 
agrees in the former case, but in the latter it probably 
is at a rather lower percentage 

The absence of maxima in T, for the iron/barium 
peroxide and iron/potassium dichromate systems 11 
hard to explain, because the most plausible reactions 1 

iFe 3BaOi-* FeO* "f* 4BaO » 

and 

7Fe + 3K,Cr t O f ^ 3FeCr,0 4 + 3K.O + 2Fe,0. 

give stoichiometric points at 19 per cent and 44 per 
cent iron respectively, which points are within the 
ranges investigated The x-ray analyses are com¬ 
patible with these reactions but are inconclusive Q, 
for the iron/banum peroxide system is, however, 
constant down to 15 per cent iron, thus indicating a 
different reaction 

Text qf the thermal conduction theory — Before applying 
the observed quantities V y k , d f c, T„ T if dT/dt 
and 11 At to testing the Mallard-Le Chatelier theory, 
comments on some of them individually are necessary 

The observed thermal conductivities of iron/banum 
peroxide pellets arc given in Table III From their 
similarity and their smallness (k — o 16 c g s units for 
massive iron) they are evidently determined almost 
entirely by the conductivity of the air in the inter¬ 
stices*, though possibly the oxide films also reduce 

Table III Thermal amductwitux of trm barwm 
peroxide mixtures 

I'er cfnt ipmi 1 * X lu' 

O IV) 

IS* 

4U ib*i 

tK> 171 

Ho 104 

inn 184 

the conductivity We therefore use the same value 
for compresed pellets of any mixture with a metallic 
reducing agent For the sulphur/banum peroxide 
systems k is assumed to be o 0016 

Where specific heats of the components are avail¬ 
able those of the compositions were calculated bv 
the mixture law Spice and Staveley 1 awu m ed die 
molar heat for barium peroxide to be the same as 
that of the isom o rphous substance calcium carbide, 
and thus obtained a value of 1 for the specific beat t 

Having regard for general experimental inaccuracies, 

* For cUm parting of uniform tphff» the volume of sir (7#Wr UI) 
b "5 9 per cm 1 In fort, for low prufortiom of redact©# uni the 
parting k imrittv bettor and for hv one* wontf than th» The 
cter parkins In ibe Hitphur/baritun pnfaoudo system at huk prbpnr* 
tlou of ftitpkur may be due to the vtuuve s o ftn ess of this compmem 


• 572 





raw hill et aln Slow Self-pippag&tmg Reactions in Solids 


R Suppltmmt 3-19 


we have, however, taken the values for all lron/barium 
peroxide ranttusei to be that of iron, and those of 
sulphur/banum peroxide mixtures to be that of 
sulphur The values are tabulated in Tablis IV and V 

The ignition temperatures measured with the hot 
block were found not to vary within a syitem save 
in so far that some mixtures would not ignite at all 
We therefore ascribe one value to each viz 

Fe/BaO t 6oo°C Fe/K,0,0,400*0 S/BaO,filow) go°C 

For the Out sulphur/barium peroxide reaction the 
value taken was T t (slow) extrapolated to 05 per 
cent sulphur, at which composition the slow reaction 
would occasionally pass spontaneously into the Oast 
one For the systems iron/potasuum permanganate, 
molybdenum/potassium permanganate and molyb¬ 
denum/banum peroxide the ignition temperatures 
were determined only by the furnace method The 
results arc 

S/BaO,(fast) 250*0 Fe/KMnO* aoo w O 

Mo/KMn 0 4 200 n C Mo/BaO, 300°C 

It u unlikely that these values can be relied on to 
nearer than 50° , but fortunately they need not be 
known at all accurately 

To test equation 3b, values of dT/dt at any tem¬ 
perature up to T, could be used The lower the 
temperature chosen, the more certain it would be 
that no reaction had occurred , but, because of the 
practical difficulties of reading slopes from thermo¬ 
graphs, it was desirable to lake them at the highest 
permissible temperature which was considered to be 
the observed ignition temperature 

For the systems iron/potassium permanganate, 
molybdenukn/potassium permanganate, and molyb¬ 
denum/banum peroxide, the experimenter (R B T ) 
considered that dT/dt could not be measured satis¬ 
factorily even at T u so results for these are used 




only to test equation 5b with dT/dt replaced by 
(T, — T x )/At For the other systems, (dT/dt) lT 
and ( T t — T y )jAt are compared (TabU TV) , Jf, for 
ease of measurement being taken as (d/)r,’ r * 
Agreement u fiuly good 

TabU IV 
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The first test of the theory is the companion of 
observed and calculated values of F, the latter either 
from equation 3b or 5b [with {At) J; as indicated 
on the figures (see Ftgurts 4 to to) The absolute 
rates are compared , and the relations within each 
syitem arc shown by comparing 
(VIVmJ*4 (^/u- In ^ 4 to 10 

X and (F/K bm ) S i W | oU • (VIVmmU* 

For three systems {Ftgtitos 4, 6, 7) agreement for 
relative rates is good For three others {Figms 8 , 
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9, 10) it u fair , the observed maxima coming at 
somewhat higher percentages of reducing agent than 
the calculated ones Only for one (Figvn 5) u tt 
bad, this is the more surprising because measure¬ 
ments on this particular system are easiest 
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Absolute propagation rates agree well only for the 
slow sulphur/banum peroxide reaction In the iron 
potassium dichromate system the calculated values 
are on the whole too high , and in the other systems 
they are between three and nx times too small 

This discrepancy is probably systematic Of the 
various data used, thermal conductivities are the 
most suspect The actual width of the reaction zone 
is from o 03 to o 9 cm «t from two to sixty times 
the greatest particle diameter (0015 cm) The treat¬ 
ment of the material as a continuum in considering 
heat Conduction may not, therefore, always be 
justified 
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From an idealized representation ot an equal 
bulkry system (Ftgvrt //), it may be seen that, if 
the components have very different conductivities, 
the conductivity between XX and YY (parallel con¬ 
ductivity) will be much greater than that between 
XX and ZZ (senes conductivity) 

Parallel conductivity, effective over distances com¬ 
parable with particle sine, would rise steadily and 
rapidly with increase of metal content, whereas 
chance senes conductivity, effective over long dis¬ 
tances, would rise very slowly until a large propor¬ 
tion was reached and then would rise very rapidly, 
provided that metal to metal contacts were good, 
which from our measurements would appear not to 
be the case Therefore, if the former were the 
relevant quantity it would tend to cause an increase 
in V when other fhetors were tending to decrease it 
Th» may be the explanation of die major anomaly 
in the lron/potamim dichromate system in which 
otheiVnse there a do reason for expecting a maxi¬ 
mum in V over the range of composition investigated 
It may also explain the lesser anomalies of the syitems 
m Flirts 8 t g and 10 where the maxima are displaced 

We conclude that die theory that propagation of 
the reaction occurs only by thermal conduction u 
probably co rre c t, though m its simple form it a 
hardly adequate The pcnnbiixty of other propaga¬ 
tion mechanisms must be borne in mind m par¬ 
ticular, although the mam products are not gaseous, 
hot gapes are formed m the reaction zone and rfiay 
be driven forward a short distance through the 
interstice^ and so convey heat over and above that 
earned by con du ction 
* 

Spice and Ataveiey*i infe rence 1 that the maximum 
reaction fate occurs at a higher taaatage of reducing 
agent than that for beat of reaction per gram* g» is 
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supported by some of our results Their further 
hypothesis, that this accounts for the relative positions 
of the maxima in q and in F, is not corroborat e d 
This may be seen by comparing t' compositions at 
die maxima in?, in i/d/ which i i rqugh measure 
of overall ^action rate, and m 1 or three systems 
in which all three quantities hate maxima 
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By the font inference u/ should be greater for i/df 
than for q this is so, especially for Mo/KMnO* 
where strongly protective molybdate coatings may 
be formed The second one implies that the maxima 
in i/dt should come at a greater value of w* than 
those m V, which they do not In our view the 
differences in w* value* for i/At and,for V may 
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pocubly be a consequence of parallel conductivity, 
and not chance senes conductivity, being effective 


Rates qf reaction from thermographs — In Table IV arc 
1 ( dT \ 

tabulated values of f % _ 7-,^ d< j which, hy 


equation 6 , give dt/dl These rates of reacboa are 
obtained at different temperatures, but at roughly 
the same stage of reaction because the ratio 
T^,/(T, — T 0 ), which is also tabulated and which 
may be regarded as a measure of e at T/ Jf vanes 
only over a range of about o a in each system The 
wide variations from system to system and within 
some systems are noteworthy m 


We expect the rate to be given by an expression 
of ijie form 


J-S(l-.)"«p(- A(RT) 


{(f p ooa) in which n, the reaction order, probably 
w between o and i Since / is much the same at 
all the inflection points in a given system (see Table IV), 
a plot of In ( de/dt ) against i (T^ should give the 
acbvabon endttiy A Figures /a and 15 show that 
nearly all the (Stints fall cm straight lines These 
results indicate that one reaction predominates m 
each system, which conclusion is, on the whole, 
supported by other evidence {cf p 004) It ought 
be supposed that marked anomalies indicate the 
onset of other reactions , bill this appears not to be 
so In the Ait sulphur/banum peroxide reaction, 
for example, analysis shows that with a 5 per cent 
sulphur the reaction is the tame as that at the 
itoschjometnc point, but at 50 per cent sulphur it 
is very different, yielding sulphides and sulphur 
dioxide nevertheless the point for 50 per cent 
sulphur is nearer tbe mean line than that for 2 5 
# percent 
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The activation energies are given in Table VII and 
are compared with the ignition temperature in °K 
there is little correlation They are comparatively 
low, being 3 to 8 kcal/mol, and probably are much 
smaller than those for the pre-ignibon reactions L , 
which from the published results appear to be at 
least 50 kcal It is probable, therefore, that the 
rate-controlling processes for the reactions which 
lead up to the ignition are quite different from those 
which follow when the reaction is fairly started, as 
if someth mg like a phase change has first to be 
brought about 

The authors wish to thank Pntfetsor Sir Cyril Hwshel- 
woody FR S, DrE J Bowen, FRS , and Mr L A R 
SUtveley fir helpful discussions while die experimental work 
was tn progress , also Mr J S Dick , MBE , &wr 
Principal Scientific Officer qf the Ministry qf Supply, and 
'hts colleagues for their tnoalmbU adotce and help, and to 
the Chef Scientist, Mtmstiy qf Supply, fa permission to 
publish this work 
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Determination of Natural Sources of 
Vitamins D 

It is i well established fact that vitamins originate 
from green plants and are supplied from there to all 
living creatures However! there is some doubt about 
th$ vegetable origin of the anti-ncket vitamins, 
vitamins d Most investigators have not succeeded 
in detecting reasonable amounts of vitamins d either 
in green plants or in green sea algae, and since thenr 
vitamins are not thought to be produced by the 
lower animals their origin has never been satisfac¬ 
torily explained An exception a found in-new-mown 
hay considerably exposed to the sun, which shows 
the formation of some vitamin d In textbooks and 
reviews the source of vitamins d ls considered a 
mystery 1 The author has published papers on vita¬ 
mins d m green plants 1 4 and has described their 
occurrence and the methods used for their detection 
The reason why these vitamins are not usually found 
by other investigators has not^ been made clear in 
these papers and will be briefly discussed 

The amounts of vitamins d present in green plants 
are not very high If direct feeding investigations are 
made, considerable amounts of vegetables must be 
given to experimental animals, and these vegetables 
also con tarn mineral matter The diets are then 
most unnatural For the experimental production 
of rickets the phosphorus content is determined and 
a large amount of calcium in the form of calcium 
carbonate is added to bnng the calcium/phosphorus 
ratio to 4 Often the amount of calcium is added 
without analysis When greater amounts of other 
materials are given the quantities of banc diet con¬ 
sumed are reduced jn the same proportion and the 
quantities of phosphorus available are reduced 
accordingly The amount of calcium u already high, 
and this may be increased by calcium from the 
minerals in the plants under investigation The 
latter also contain other minerals which disturb the 
balance of the diet and according to the author mask 
the effect of the vitamins present 1 

To obtain trustworthy analyses of vitamins d in 
gre en plants a different procedure must be adopted 
The vitamins o contents may be easily determined 
by use of the ether extract of vegetable products , 
this has no mineral content and a concentrated 
vitamin content Vitamins o arc fat-soluble and 
relatively stable The ether extracts are obtained 
by extracting the dried and finely powdered materials 
with ether ui a Socleth apparatus under carbon 
dtfmde These extracts usually amount to from 4 
to 5 per cent of the dry material The amounts of 


The author has testetT the vitamin content of a 
senes of plants in this manner The contents in the 
ether extracts vary from 50 to 4001 u of vitamin p 
per gram the corresponding contents in the dried 
materials are thus 2 5 to 201 u vitamin d per gram 
Thu corresponds more with the vitamin content of 
natural butter, about 1 1 u per gram, than does the 
assumption that green plants are vitamin d free 

The author has similarly determined the vitamin 
d content of drifting green vs algae collected in a 
landing net and has found still higher values than in 
the land plants The large vitamin d content of 
cod's liver u therefore no mystery 

1 he d vitamins found in green plants differ slightly 
in chemical composition and properties Normally 
all the vitamin o content of oils u found m the 
unsapomfiable fraction, but only about one quarter 
of the vitamin d of plants is found there the 
remaining three quarters u found in the saponifiable 
fraction Hence the determination of d vitamins in 
green plants is restricted to biological tests 

Prtoate Chemical Laboratory ^ Rygh 

BbSorwa > {Rtcttved October 1950) 
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Note on the Emission of Positive Ions 
from Heated Glasses 

Hmted salts on metal strips have long been used 
as sources of alkali positive ions 1 , and in particular 
Mura whin 1 has used powdered glasses as efficient 
ion sources The mechanism of the ion emission has 
always been somewhat obscure, although experiments 
have shown, using oxide mixtures, that the emission 
may be regarded as a thermal ionization process at 
the surface, due to the high work function of the 
mixture, in the manner suggested by Langmuir 1 
This explanation demands that the source mixture 
be capable of conducting electronically to the base 
metal used as a heating strip In the case of glasses 
it u now accepted that they conduct electrotyticaUy, 
the current being earned fay alkali ions 4 On this 
bans the following experiments seem to show that 
heated glasses can amt positive 10ns thenxuomcally 

In alt the exper i ments long glass tubes (or rods) 
were 'used as specimens These were always made 
insulating by heating before use The free ends of 


vitamins o are easily determined^ the dosage being 
accurate and reliable 
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the specimens were betted over t small circular area 
to a whitish yellow beat by means of an oocy-coal gas 
flame Thu method of heating did not allow any 
quantitative results, but as large specimens were used 
and the presence of nearby conductors particularly 
avoided this was the only simple means of heating 
An ordinary gold leaf electroscope charged to 
600 volts was used throughout as a current detector 

It was first shown that only soda glass specimens 
would tend to discharge the charged electroscope 
when removed from the flame and held over the 
electroscope cap. When an earthed conducting wire 
was inserted in the specimen tube so that it made 
contact with the glass surface near the heated end, 
it was shown that both soda and pyrex glasses gave 
complete discharges of the electrwcope when this 
was negatively charged When the elcctracope was 
positively charged soda glass gave a small discharge 
effect, while pyrex had no effect An explanation 
of these effects a that heated pyrex and soda glasses 
give rue to a positive ion emission which will discharge 
an electroscope negatively charged, provided that an 
earthed wire forms part of the discharge circuit Soda 
glass must also give rise to a negative ion emission 
of small dimensions which does not demand a com¬ 
plete circuit for detection As it is most unlikely that 
glasses would give rise to a negative ion emission, it 
is suggested that thermal ionization of alkali vapour 
occurs shove heated soda glass but not pyrex The 
presence of alkali vapour above heated soda glass is 
easily detected by using moist en ed red litmus paper, 
but less readily above pyrex 

The above explanation was supported by other 
experiments in which the contact wire inside the glass 
tube was connected to a 600 volt dry battery instead 
of directly to earth The opposite pole of the battery 
was connected to the detecting electroscope case 
Specimens were again heated and then held over the 
electroscope, which was uncharged It was found 
that, with the contact wire positive, the electroscope 
was fully charged by the amnion from both types 
of glass Thettarge on the leaf was easily shown 
to be positive. When the contact wire was negative, 
only soda glass charged the electroscope slightly 

It is deduoed that positive ion enusuon only takes 
place from heated pyrex glass in bulk form when a 
complete charging or discharging circuit is provided 
By moving the wire in the above experiments it is 
demonstrated that this circuit u completed m the 
glass only when contact is made with the conducting 
part of the tube near the heated end Since glass 
a only a goad conductor at elevated tempera turn, 
it suggests that any charging or discharging current 
utihaes the donual ton earners in die glass. Hence 
it would seem that the emitted ions are the actual 
current carriers from the glass. 


In the case of soda glass it appears that some 
positive ion rmation a due to volume thermal 
ionization of alkali vapour which also gives negative 
ions There a no doubt that this pr o cess would take 
place with pyr e x glass at more elevated temperatures 

Although the above discussion has been c onfin ed 
to glass ion emitters where the conducting process 
ui the bulk of the substance a known, it a possible 
that a similar process occurs in other types of positive 
ion emitters The fret that soda and pyrex glasses 
show such distinctive behaviour when a negatively 
charged wire is inserted in the heated glass may be 
used as a practical test for distinguishing between the 
two types of glass 
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Crystal Structure of Acridine III 

Aoridinx, CuHtN, crystallizes m at least three 
distinct forms 1 , only one of which a reported by 
Groth* The structure of one of these, provisionally 
called acridine III, has now been determined 

Crystals of aendrne III are obtained from solution 
in dilute alcohol They are prums, elongated along 
[010] and bounded bf the {101} and {101} faces. 
{100} is developed occasionally X-ray photographs 
show that the Laue symmetry 11 a/m and hence 
that the crystal system is monoduuc The unit cell 
dimensions, obtained from measurements of oscilla¬ 
tion and rotation photographs and accurate to about 
1 per cent, are, A, « — n 5, A — 6 03, c 13 7 5 
ft ~ 99* ± i° The density, measured by flotation 
in potassium bromide solution, ts 1 963 gm cm -i , 
and the number of molecules in the unit cell is 4. 
Reflections AOJ are absent when (A + /) » odd, and 
reflections GJfeO are absent when k tt odd. There arc 
no other systematic absences so that the s p ace ' 
group a uniquely determined as P*J* 

Reflections M were recorded on multipfedUm 
Wcmenberg photographs, using copper rad i a tion, 
and the mtemties were estimated visually Exami¬ 
nation of these interns tics led to the c onclusion that 
the structure pomesses die fallowing charactenstscs 
/ densely populated (Ml), (SOI), ( 701 ) mod (*All) 
planet, t an approximate quartering in the [101] 
direction. Structure factors were calculated far a 
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Figure i Electron density in one ecndine malt- 
ad* projected on (010) 7 Tit contours on at 

m terms qf me electron per A 1 , the ant electron 
Itnt being broken 

trial structure based on these features , they agreed 
well with those observed, and the normal processes 
of Fourier refinement have given the map of electron 
density projected on (010) shown in Figure / The 
reliability index, R = 2 ||F,| — |FJ/£|F*|, for this 
zone of reflections is now o 20 

It is not yet possible to make any definite state¬ 
ments about the detailed structure of the molecule , 
there are as yet no significant indications that it is 
other than planar Investigations of this point, and 
determination of the bond lengths for companion 
with those predicted by the theory of molecular 
orbitals 1 , are the objects of further work 

It is apparent from the projection of the molecule 
and from packing considerations that the inter- 
molecular distances are very similar to those reported 
in anthracene 4 The arrangement of molecules in 
the unit cell viewed along [010] is shown in Figure a. 

My thanks are due to Dr A J C Wilson for hu 
guidance and for the use qf apparatus purchased with a 
Royal Sonifr grant l am indebted to the University qf 
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The Blue Sun 

Over a large part of the country on the afternoon 
and early evening of 26 September 1950 the tun 
appeared ai a vivid blue disk Most of the explana¬ 
tions put forward do not seem to be in accordance 
with accepted physical principles eg scattering of 
light by a smoke cloud from forest fires in N America 

The points which have to be explained 

seem to be as follows / blue light was transmitted 
through the atmosphere 2 light of any other colour 
was not so transmitted These can be explained most 
simply by dispersion, not by scattering, and it u 
suggested that the atmospheric conditions were such 
as to reproduce the effect of a Christiansen filter 1 . 
This consisted of glass particles suspended in a 
mixture of benzol and carbon bisulphide For light 
of one wavelength fhe refractive index is the same 
for glass and liquid, therefore this light partes through 
undeviatcd However, owing to the difference m 
dispersion the refractive indices for other wavelengths 
are different and therefore light of these wavelengths 
will be deviated and dispersed Liquid emulsions 
provide* a more flexible system and a convenient one 
for demonstrating the effect is formed as follows 1 
Shake up equal volumes (the ratio is not important) of 
glycerin and acetone The acetone shmild contain 
about 4 per cent collodion to stabilize the emulnoeu 
To the milky which consists of glycerin 

globules floating in acetone, benzene u ad de d slowly 
The milky appearance will disappear and the emul¬ 
sion will become dear and transparent IT k white 
light u viewed through such an emulsio n in a parallel 
Sided glass ve»el the light will appear coloured and 
by adding either benzene or acetone the colour will 
chaqge from wine-red thrbugh green to violet-blue* 
tlie optical properties of such ‘chromatic emulsions 1 
have been examined experimentally and theoretically 
fay Sqqani 1 The effect is very striking ahd provides 
an excellent demonstration, reproducing exactly the 
effect of the 4 blue sun \ 
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It seems that this it the most probable explanation 
of the phenomenon and that by some cunous, and 
rare, meteorological conditions there was a layer at 
about 30,000-40,00011 consisting of two media, 
maybe two gases, taken up and kept separate in some 
way Airmen who flew high enough to observe the 
sun in its natural colour report that they passed 
through a * brown haze' between 30,000 and 
40,000 ft 4 It is significant that one of the above 
emulsions which transmitted blue light appears to 
be amber when viewed at right angles to the beam 

J I BALL 

University qf St Andrews 
Carnegie Laboratory qf Physics 
University Coils #«, Dumb* 
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Relation between Structure and Melting 
Point in Aromatic Compounds 

Two attempts have been made in recent years to 
correlate the structure of aromatic compounds with 
their melting points Chatt and Wynne 1 examined 
the melting points of ten senes of naphthalene com¬ 
pounds of the type C ]t H«R t (ninety two of the 
possible hundred compounds being quoted) Dividing 
the compounds according to their two dimensional 
symmetry three groups were obtained — A com¬ 
pounds without symmetry 1,2, 1,3, 1,6, and 
1,7 isomen, B compounds with a plane of symmetry 
14,1,8,2,3 , and 2,7 isomen, C centro^ymmetncal 
compounds 1,5,2,6 isomers With mne exceptions 
(contained in six different groups) the compounds 
in group B had higher melting points than those in 
group A Fuqfpermore with one exception the 2,6 
isomer in group C had the highest m pt of all, the 
remaining 1,5 isomer always had 1 apt higher 
than those in group A but some were lower than 
corresponding ones m group B These authors argued 
therefore that sudj, a relationship might also apply 
to the tetraaubstitutea naphthalenes (there being in¬ 
sufficient dath to examine these) and used thu as 
supporting evidence for their orientation of 1,3,5,7- 
tetramtronaphthalene Hodgson and Ward 1 com¬ 
mented upon this and pointed out that the available 
data for the tetrachforonaphthalencs were not in 
complete agreement 

Holler* (who incidentally made so r eferen ce to 
the above work) later examtacd the melting points 


of ninety seven senes of dmibtdtuted benzenes and 
postulated the following rules For compounds con¬ 
taining one mtkt orientating group and one orth o par a 
orientating group the order of melting points is 
p > w > 0 whereas for compounds containing only 
msta or only ortho-para orientating groups the order 
of melting points is p > 0 > m The first class con¬ 
tained forty one senes of compounds and there were 
twelve exceptions , there were fifty six senes in the 
second class with eighteen exceptions No explanation 
was advanced for these results, as with Chatt and 
Wynne's work the theories were purely empirical 

We have now re-examined the data of Holler on 
the same barn adopted by Chatt and Wynne, namely 
two dimensional geometrical symmetry Para com¬ 
pounds always have a higher degree of symmetry 
than corresponding ortho or msta ones, being centro- 
•ymmetncal for identical pibstuucnts and having a 
plane of symmetry for different substituents Ortho 
and msta compounds only have a plane of symmetry 
for identical substituents, otherwise being unsym- 
metncal Significantly it was found that in ninety 
two of the ninety seven senes the para compound 
had the highest m pt It may also be noted that 
there were twenty eight exceptions to the expected 
order for msta and ortho compounds in the data cited 
by Holler It appeared to us therefore that a simple 
division of the duubatituted benzene derivatives into 
para and ortho-msta compounds on this geometrical 
basis was a much more satisfactory division than 
that suggested by Holler It then can be said that 
the order of melting points u p > o t m 

We thought that it would )ie useful to apply these 
concepts to other aromatic nuclei but amongst the 
mononuclear compounds could only find appreciable 
data for the monosubsututed pyndmes For seven 
senes of compounds the y-nomer, which has a plane 
of symmetry, had the highest m pt in six cases, the 
order for these six cases being y > > a 

Wc have extended Chatt and Wynne'* examination 
of the disubstituted naphthalenes to compounds 
containing similar and different groups We have 
considered forty five senes of compounds, about five 
hundred compounds in all We were unable to 
formulate any rules similar to those advanced by 
Holler (considering such facts as ' qumonoid 9 and 
* non-quinonoid ’ positions 4 ) The only significant 
results that we observed were that a for fourteen 
complete senes of uomen the 2,6 isomer had the 
highmt m pt ten tunes, and was s ec ond highest 
twice , b for forty senes of teamen where the m pt 
of the afi isomer is known this m. pt was highest 
nineteen times and second highest six times, c for 
the fourteen complete senes a qumonoid compound 
was highest or second highest twenty two times from 
the poanblc twenty eight, d for the forty five senes 
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» * quinonoid 1 compound had the highest m pt 
thirty eight tunes 

We are extending our observations and hope to 
publish complete results at a later date 

L A Day 
E R Ward 

Chemistry Department 

Leicester College qf Technology and Commerce 
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Penicillin Production With Lucerne 

Nutritional requirements have been found to 
influence the yield of metabolic products of micro¬ 
organisms m general The studies of the author on 
bacterial amylase production have shown that 
different substrates such as castor-seed cake, wheat 
bran, lucerne etc influence the amylase activity of 
B subtilis to a considerable extent During these 
studies wheat bran and lucerne have been found to 
constitute excellent substrates 1 Wheat bran has been 
employed successfully as a substrate for obtaining 
high yields of penicillin* As lucerne was found to 
vie with wheat bran in the bacterial amylase pro 
duction the question arose whether lucerne could 
serve equally well as a substrate for penicillin for¬ 
mation by Pemcxlltwn notation The present investi¬ 
gations are therefore concerned with the study of 
lucerne M substrate for penicillin production, using 
P notatam (N R R L 83a) obtained from Northern 
Regional Laboratories 


Table I Iqfhemce qf ratio qf substrate to diluent on the 
psmcdhn production 


Jt«M nf substteti h 
Muni 

Results repressed us £ 
CMri 

wnriirf qf the tinted 

<—> 

Whuibruu 

Lsmtm 

1 1 

■ 

113 

00 

1- 1 3 

03 0 

0 0 

1 a 

91 0 

11 0 

1 a 3 

Ifl 1 

91 0 

■ 3 

_ 

940 

1 3 3 


10 0 

1 4 

—* 

130 

1 3 

— 
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The results presented m Table I clearly indicate 
that lucerne when moistened with phosphate buffer 
in the ratio of 1 3 yields as much activity as one 

could secure with wheat bran These investigations 
were further earned out to ^determine the effect of 
the period of incubation on the formation of penicillin 
Throughout these experiments the ratio of lucerne 
to phosphate buffer employed was 1 3 The anti¬ 

biotic activity was determined after every 24 hours 
of incubation period 1 he results are given in Table II 


Table II Effect qf incubation period on pemnllm formation 


lueubutwt period 

Anttbutu uetnity 

dmmttcr qf thr clew red 

JH of tbs s' tracts 

1 ^unes (mm) 

1 


— 

a 

Ji 0 

7 i-7 3 

3 

94 0 

7 »-7 * 

4 

I'» ^ 

7 1-7 * 

l 

IJO 

7 1-7 ^ 

19 O 

7 1-7 » 

7 

to 1 

7 i-7 a 


The experimental data presented in Table II have 
shown that antibiotic activity is maximum after the 
third day of the growth of the fungus The of 
the medium during growth is constant throughout 


The production of penicillin on lucerne was studied 
while employing different ratios of lucerne powder 
to phosphate buffer solution (Sorensen's) in order 
to And the optimum moisture needed ft* the fungus 
to synthesize pemcilhn The experimental procedure 
for obtaining the results was as follows 

logm of lucerne powder was taken in a 950m] 
conical flask and irwmtenrd with a known volume of 
phosphate buffer solution {pH 7 o) to give the required 
ratio between substrate and diluent The culture medium 
was stanhzed at a pressure of 15 lb/in 1 , for 30 mm and 
then momlateri with the fungal spores Incubation was 
earned out at a 8 °C for 3 days The penicillin formed 
was then extracted with 25 ml of water at room tem- 
poature The mould was strained through c hee se cloth 
|pd the extracts thus obtained were analysed for their 
antibiotic a ctivto es For compamoa, wheat bran medium 
was employed during these investigations The anti¬ 
biotic activity was determined bp the * cup assay 1 
method 1 He results art given m Table / 


The results obtained with lucerne as the suhitrate 
for the growth of Pemcdlxum notation further indicate 
that lucerne could effectively replace wheat bran in 
the production of penicillin Based on them data, 
crude penicillin powder was produced on a semi- 
large with lucerne as the substrate, using a 
senes of 4 litre wide bottomed culture flasks. 

V 

The above findings are also in c onfo rmity with the 
remits obtained with the highly amylolytic strain of 
B subtilis t where lucerne has given similar favourable 
results m the formation of bacterial amylase. The 
fortgoing results appear to indicate that lucerne may 
form as gpod a nutritive material as wheat bran for 
the growth of micro-organisms in general Further 
\vorb is under prog ram to study the growth of the 
Pmcdhm notation in a liquid medium emp lo yin g 
various extracts of lucerne powder 
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B S Luixa 


to a 1 per cent rihrer nitrate solution Lissapol C usd 
a known exce l of ammonia Prior to nlvenng 02 cc 
of a 4 per cent solution of formaldehyde was added 
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The Chemical Silvering of Non-metallic 
Surfaces 

The rectfit work r eport e d by Upton and 
Hejunoton 1 on this subject is closely related to an 
investigation undertaken ifi this laboratory A 
general theory has been developed covering the pro* 
cesses occurring in such systems 

The reacUon occurring in silvering solutions may 
be divided into three stages r reduction Ag + +#->\g, 
9 formation of a silver sol, 5 flocculation of the sol 
and precipitation of metallic silver The mechanism 
of / depends on the reducing agent In general the 
reaction occurs more rapidly on surfaces than in 
solution, and is thus autocatalytic unless the surfacei 
of the colloidal silver particles are blocked by 
adsorption of an ' inhibitor ’ 

The stability of the sol a will be a function of the 
proportion of stabilising agents (protective colloids 
or strongly adsorbed negative urns), and flocculating 
agents (electrolytes and strongly adsorbed positive 
ions) present in the solution, Ihc location of the 
metallic silver eventually deposited depends on the 
relative flocculating powdr of the surfaces and that 
of the solution Ii these ideas are correct efficient 
silvering will involve such control of the initial 
reaction that silver is produced more slowly than 
the ultimate deposition rate on the desired surface 
In addition a stable reservoir of colloidal silver should 
accumulate and flocculation should occur only on 
the active surfaces The author has developed such 
a process" m specific example illustrates the funda¬ 
mental pnnapfcs I CI surface active agents have 
been used w this instigation as examples of the 
various classes busapol N, non-iomc Lissapol C, 
anionic Fixanol C, cationic 

Perspex specimens were well cleaned with Ttepol 
and water, soaked for 10 minutes in an aqueous 
activating solution of stannous chloride 5 per cent; 
hydrochloric acid 3 per cent, iAstepol N o 003 per 
cent, nnsed m running water for 5 minutes, and 
immersed u the silvering solution, made by adding 


In solutions containing no excess ammonia the 
rate of reduction of the silver ions and formation of 
a silver sol decreased as the concentration of Lissapol 
C was increased from aero to o*o per cent The in¬ 
duction period, before metallic silver appeared, in¬ 
creased from a few seconds for these solutions con¬ 
taining no surface active agent, to many hours for 
the higher Lissapol C concentration The ratio of 
silver deposited on the unactivated glass walls of the 
container to silver deposited on the prepared surface 
decreased as the amount of Lissapol C increased 
Increasing the amount of ammonia increased the 
time scale of the whole proceu 

Cationic surface active agents, for example 
Fixanol C in concentrations below o 002 per cent, in 
the absence of cxccm ammonia, showed an effect 
similar to that of Lissapol C, although adhesion of 
the deposited silver was leas good, above this con¬ 
centration, however, the presence of Fixanol C caused 
a rapid precipitation of a silver sludge In the 
presence of a large excess of ammonia, pyridine etc 
(1-10 per cent ammonia) it was possible to reduce 
this flocculating effect of the Fixanol C 

Completing agents in excess reduce the free silver 
ion concentration and hence the rate of the reduc¬ 
tion / above Many surface active agents inhibit 
this reaction With the two discussed above, this 
inhibit!vr effect reaches a maximum at concentrations 
of less than 0 01 per cent 

The contrasting behaviour of the two types of 
surface active agent in greater concentrations results 
from their effect on the silver sol The active anionic 
component of Lissapol C carrying a charge of the 
same sign as the silver colloid particle will increase 
the stability of the colloid when it is adsorbed , the 
active cationic component of the Fixanol C will 
neutralize the colloidal charge and produce floc¬ 
culation 

The activating property of stannous chloride 
solution depends on the presence ofpositively c harged 
colloidal stannic hydroxide, which is adsorbed on the 
surface during activation When such a prepared 
surface k silvered the negatively charged silver par- 
tides are discharged and precipitated pr efere nt ially 
on this film of stampc hydroxide The Luea pe l N 
stabilizes the colloidal stannic hydroxide. The simple 
adsorption of stannous 10ns may play an important 
part, particularly in freshly prepared activating - 
solution* The behaviour of Ftxaml C described by * 
Upton and Hcftngton thus appeals to depend on the 
pr e s en c e of a considerable exce* of a compt ex lng 
agent that reduces the diver ion concen tr ation, and 
58a 
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b a quantity of Pixanol C suffllnent to inhibit the 
initial reduction without coagulating the col l o i da l 
silver 

The proceai developed by the author requires no 
large excess of complcxing agent, is not critically 
dependent on the amount of surface active agent, 
and iking the activating soluuon described is ex¬ 
tremely effective for silvering surfaces that possess 
groups of sufficient polarity to adsorb a film of 
stannic hydroxide Polystyrene surfaces have proved 
difficult to silver, and polythene and polytetrafluor- 
ethylene lmpooible 

C F Drake 
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REFERENCES 

1 Upton, P B G and Huunoton, E F G Research 3 
(1950) 089 

* UK Patent Application No 10,985 {1947) 


The Solubility of Colchicine in Water 

According to the Bnttsh Pharmacopeia colchicine 
is readily soluble m water 1 The U S Pharmacopeia 
specifies a solubility of 1 part in 22 parts of water*, 
and, m a later edition, 1 in 25 parts of water* In 
each case cold water is presumably to be understood 
On the other hand it can readily be shown that pure 
crystalline colchicine dissolves completely in only 3 
parts of cold water, and that the solution on standing 
deposits a sesquihydrate, of which the solubility is not 
more than 1 in about 70 parts of water (These 
last two observations were first made by Merge 4 , 
who was however using an amorphous material) 
Furthermore, on warming strong aqueous solutions 
of colchicine, a turbidity is produced which vanishes 
cm cooling, presumably because colchicine u 1 cm 
soluble in hot water than in cold rhu complex 
behaviour appears to have been generally overlooked 

The matter came to our notice in course of examin¬ 
ing tt commercial sample of crystalline colchicine 
which'had been adjudged unsatisfactory, on US 
Pharmacopeia standards, because of its low solubility 
in water The sample was found to consut esscntwlly 
of high quality colchicine, but it dissolved incom¬ 
pletely m 25 parti of cold water, and the solution, 
whether untreated or filtered by suction, slowly 
deposited large crystals of colchicine sesquihydrate 
(Found Ci 61-3 per cent, H, 6*53 per cent in an 
air dried specimen, or G, 61 4 per cent, H, 5 6 per 
cent after heating rhr/ioo°/z8 mm. Gale for 
a GhHmO^N . C, 6a 0 per, cent, H, 6 6 per 

cent)* i At die same concentration the dear solutions 
which wefo obtained from pute anhy&roui colchicine* 
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could be preserved for several days, but they also 
deported the hydrate within a few hours of bang 
sealed with it Moreover, independently of source, 
these hydrate crops, when dissolved in their mother 
liquors by gentle warming—necessarily prolonged to 
procure complete dissolution—afforded lasting solu¬ 
tions, which again crystallised on being seeded 
Although the precise solubility of the hydrate was 
not determined, Merck's estimate is confirmed by 
the observation that a speck of the powdered sutn 
stance grew mto a small but well defined crystal 
when immersed in a solution of colchicine in 60 parts 
of water As already indicated the hydrate crystallizes, 
apparently spontaneously, from highly concentrated 
solutions of colchicine in water 

Colchicine sesquihydrate, after sintering at 135- 
i40°C with presumed dehydration, melts at 148- 
i5i°C, and this melting point is unaffected by 
admixture of anhydrous colchicine (m pt 154“ , 55°C) 
The two compounds cannot therefore be distinguished 
satisfactorily by melting point The x-ray diffraction 
powder photograph, however, constitutes a virtually 
absolute 4 finger print * of a given crystalline species , 
and the diagram I obtained with anhydrous col¬ 
chicine proved to be quite distinct from that II with 
specimens of the hydrate Finally a photograph was 
taken of the small, sparingly soluble residue left 
when the commercial sample of colchicine was shaken 
for 5 mm with 95 parts of water This diagram was 
identical with II, thus proving the residue to be 
colchicine sesquihydrate 





‘■si ri * * 

<*■ 1 i r 

■ 1 

* ■■■>;'■• ! 




5 cm 

Figure 1 Powderphotograph qf colckme (I) and 
its m q m kj dr at t (it), tab* Cu Ka r o dta Hom 
m a camera ef ratios cm 


These observations suggest that the system col- 
chicine/water resembles sodium sulphate/watar*. In 
botfr there r exist near room temperature a hydrate 
of lower, and a metartabk anhydrous form of higher, 
solubility, the forme* stability rising, and the latter 
dumnlfidng, with nse of temperature The negative 
temperature coe ffi cie nt of the anhydrous botchfcla c 
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indicates that dwrdution ts exothermic, which might 
be expected if the process u accompanied by chemical 
change 

The important fact is that in praence of water 
anhydrous colchicine 11 metaitable and cannot exist 
m true equilibrium with aqueous solutions The 
sesquihydmtc appears to be the stable form Ac¬ 
cordingly the solubility requirement of 1 part ui 23 
parts of cold water can be met only by chance— 
the chance that the sesqiuhydrate is not formed 
On the basis of general experience this chance 
appears to be a good one, at least over a period of 
some dayi it becomes negligible when pre-formed 
solid hydrate is present 

We thank Prqfessor J W Cook , F RS ,for Ait interest 
m this investigation 
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Mixed Adsorption of Hydrogen and 
Carbon Monoxide of Fischer - 

Tropsch Catalysts * 

In a previous communication 1 the authors reported 
that on a Fncher-Tropsch catalyst (A) containing 
34 per cent Go, 4 per cent Cu, a 33 per cent ThO„ 
024 per cent Cc a O a and the rest kieselguhr, the 
adsorption of hydrogen from x GO 1 H a and 
x GO a H a mixtures, at temperatures between 25° 
and 97 °C and mixed pressures below 76 cm, was 
greater than from pure gas at equivalent pressures 
At the same time these was a suppression of carbon 
monoxide adsorption from the mixtures Under these 
conditions no trace of hydrocarbons was found m the 
adsorption system 

These investigations have since been extended to 
another cobalt catalyst (B) which contained 4 per 
cent Gr t O a in addition to the ingredients of catalyst 
A Thn addition of chromium oxide was found by 
Ghosh and Basak 1 markedly to improve the yield 
of hcmtmft and also to facilitate the use of watergas 
(1 GO; 1 Ht) without the usual enrichment of H, 


When the adsorpjjofcf of pure carbon monoxide 
and hydrogen by catalyst B were compared with 
those from their mixtures at equivalent partial 
pressures it was found that, in contrast with our 
experience with catalyst A, the adsorption of carbon 
monoxide was enhanced at all the temperatures 
studied (25°-Q7°C) while that of hydrogen suffered 
suppression at temperatures up to 76 °,* but was 
enhanced at higher temperatures The adsorption 
of carbon monoxide at higher partial prewires was 
found to be greater from the 1 GO a H, than 
from the 1 1 mixture, while the reverse was true of 

hydrogen adsorption That u, the adsorption of 
either gas was greater from that mixture in which 
its concentration was lower 

On both catalysts it has been observed that 
adsorption of each constituent commenced to 
crease with temperature at much lower tempera tin 
in the presence of the othpr gas than in the absen' 
of the latter 1 hese farts point to the poasibk 
progressive formation of a CO-H complex to 1 * 
surface of the catalyst If the simultaneous a 
tions of the constituent gases were plotted af. 
each other the * isotherms ’ so obtained teijj 
become linear at the higher temperatures* 
every a cc increase in CO-adsorpUon that tJf 1 
gen increased by nearly 1 cc This aga 
CO-H complex formation It therefore ar 
the chemisorbed CO-H complex, rather L he 
cobalt carbide, may be the intermediate in >er- 
Tropsch synthesis by catalyst B 


The employment of a built-in thermal i *uctmty 
meter facilitated continuous observation of the pro¬ 
gress of mixture-adsorption After tS(f first five 
minutes the adsorption of hydrogen dopM sed while 
that of carbon monoxide increased ^portion 
until, eventually, a state of saturatunrMW reached 
with respect to either gas Thus a partial replace¬ 
ment of adsorbed hydrogen by caifan monoxide 
took place during the synthesis of u H complexes 
on the catalyst surface 

J Cifiscmt* 
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